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INTRODUCTION 
The inbreeding and heterosis approach has become the most widely 
used method for improving grain yield of maize (Zea mays L.) since Shull 
(1909) suggested the pure-line method of breeding. The phenomenon of 
heterosis has been the target of much research, but the current 
knowledge about heterosis is inadequate and additional research is 
needed. It has been determined that the heterotic response requires the 
existence of differences in gene frequency between the parents of a 
cross for alleles having dominance effects. Even though epistasis seems 
to have little importance in random-mating populations, qualitative 
evidence for its presence has been found in specific combinations of 
genotypes. Reciprocal recurrent selection is a long-term breeding 
procedure designed to enhance the heterosis between two populations by 
maximizing the genetic divergence between them for loci with dominance 
effects. Thus, the application of reciprocal recurrent selection should 
become a useful, complementary tool for breeding crops in which 
production of hybrid cultivars is coraercially feasible. Nevertheless, 
there are few programs of reciprocal recurrent selection whose results 
have been reported in the literature. 
It was found that indirect response in the base populations can be 
observed in addition to direct effects on the hybrid population. In 
general the rate of indirect response is smaller than that of direct 
response. Genetic drift due to small effective population size could be 
responsible for this limited response in several instances. 
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The full-sib reciprocal recurrent selection allows a better 
integration of long- and short-term breeding objectives. Enhancement of 
breeding populations can be accomplished with the development of 
single-cross hybrids (Hallauer and Miranda Filho, 1988). The uniqueness 
of full-sib reciprocal recurrent selection is that it selects pairs 
rather than individuals, in such a way that both parents of the crosses 
are identified. In the development of superior single-crosses, breeders 
try to identify specific pairs of lines. The superiority of these 
combinations probably relies on nonadditive effects which also are 
emphasized by the full-sib reciprocal recurrent selection. 
Sprague (1984) emphasized the importance of developing alternative 
heterotic patterns because this would broaden the germplasm base and, 
consequently, reduce the genetic vulnerability of the crop. Full-sib 
reciprocal recurrent selection could be very helpful for not only 
developing new heterotic patterns, but also to enhance those identified 
previously. As Sprague (1984) stated, "the single most important 
element of a breeding program is the recognition and utilization of 
heterotic pattern". The improvement in the level of heterosis shown by 
an interpopulation cross is expected to be associated with further 
increases in the heterosis exhibited by crosses between selected lines. 
A program of full-sib reciprocal recurrent selection was initiated 
in populations BSIO and BSll by Hallauer (1967a) in 1963. Reports on 
the response to selection have been periodically published. The last 
study (Hallauer, 1984) utilized the frequency distribution of full-sib 
families in comparison with constant checks as a way for estimating the 
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response to selection from cycle 0 to cycle 6. 
The objective of this study is to conduct a comprenhensive analysis 
of the response after eight cycles of selection regarding the following 
aspects: 1) evaluation of the direct response to selection; 2) 
evaluation of the indirect response to selection considering the 
performance of the parental populations per se and their combining 
ability with related and unrelated testers; 3) estimation of the 
contribution of additive and dominance gene action to the total response 
to selection; 4) determination of the effect of genetic drift on 
response to selection; and 5) changes in heterosis and inbreeding 
depression with selection. 
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LITERATURE REVIEW 
The ultimate goal of most applied maize breeding programs is the 
development of new hybrid cultivars (Hallauer and Miranda Filho, 1988). 
Exploitation of heterotic patterns has become the key factor in most 
applied breeding programs. Breeders can take advantage of the knowledge 
about pedigree origin and relationship among inbred lines by evaluating 
experimental crosses between lines derived from both sides of the 
heterotic pattern. 'Reid Yellow Dent' by 'Lancaster Sure Crop' is 
probably the heterotic pattern most widely used, and the single cross 
B73 X Mol7 is an example of its successful utilization. 
The consistency in the expression of heterosis in crosses between 
strains belonging to two different sources is attributed to differences 
in gene frequencies for loci showing partial to complete dominance 
(Falconer, 1981). However, the positive association between genetic 
divergence and heterosis does not hold for the extreme range of genetic 
divergence. Cress (1967) and Moll et al. (1965) have provided 
theoretical and empirical evidence of the relation between genetic 
divergence and cross performance. 
Debate about the importance of different types of gene action for 
grain yield occurred during the 1940s. Presently, it is generally 
accepted that yield is controlled by additive genes with dominance 
effects in the range of partial to complete dominance (Hallauer and 
Miranda Filho, 1988). Although additive variance has been the prevalent 
type of genetic variability within maize populations, nonadditive 
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effects have been found important in many other instances (Eberhart et 
al., 1964; Gamble, 1962; Sprague et al., 1962). Horner (1986) compared 
the effects of selection for $2 progeny versus testcross performance 
and concluded from his results "that genetic variation for yield in corn 
is largely additive but they do not rule out the possibility of 
nonadditive variation in the overdominance range at some loci." Jensen 
et al. (1983) investigated the relative efficiency of selecting inbred 
lines through inbred progeny per se test versus testcrossing in early 
stages of inbreeding. The authors concluded that the superiority of 
testcrossing selection found in their study could be explained by a 
major importance of nonadditive genetic variation in elite germplasm. 
Overdominance was considered important by several authors during the 
1940s. Hull (1945) supported the theory of overdominance and suggested 
a procedure called recurrent selection for specific combining ability. 
This method would take advantage of both dominance and epistatic effects 
rather than additive effects. Because of the controversy for the 
relative importance of additive and nonadditive effects, Corastock et al. 
(1949) suggested reciprocal recurrent selection procedure, which would 
take advantage of both additive and nonadditive gene effects in 
selection. 
The reciprocal recurrent selection procedure (HSRRS), as conceived 
by Comstock et al. (1949), utilizes the performance of half-sib 
interpopulation progenies as the selection unit. Each base population 
is used as the tester of its counterpart. Pollen from individual Sq 
plants in population A is used to fertilize a random group of four to 
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five female plants in population B. Conversely, phenotypically selected 
Sq plants from population B are used as male parent in crosses with a 
random group of plants from population A. Every plant used as male also 
is selfed and its seed saved for future use. Two sets of 
interpopulation half-sib progenies are evaluated in replicated trials 
conducted in different environments. During the next season, seed 
from each population corresponding to the male parent of the selected 
half-sib families is planted in the field to intermate. The intermated 
population is the selected cycle of each population. 
The HSRRS method has not been used very often in applied breeding 
programs (Hallauer, 1985). At the time the method was suggested, the 
off-season nurseries were not generally used and, consequently, the 
length of each cycle of selection may have discouraged its application 
(Souza, 1987). In addition, some weaknesses of the procedure were 
pointed out by several authors; The use of four or five female plants 
from a population would not be large enough to ensure a good sampling of 
the gene frequency in the tester populations. Russell and Eberhart 
(1975) proposed the use of inbred lines derived from each of the two 
populations as testers, which would increase the variance among 
testcross families and would avoid sampling problems. Griffing (1963) 
and Cress (1967) claimed that the full potential of reciprocal selection 
could not be achieved unless the favorable alleles are present in both 
populations. Since no improvement on loci, which are already fixed in 
at least one of the parental populations, is possible. Cress (1967) 
suggested to cross the two base populations and develop two new 
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populations from this intercrossed population by using conventional 
HSRRS. Paterniani (1967) and Paterniani and Vencovsky (1978) suggested 
other modifications to decrease the amount of hand pollinations through 
the use of isolation plots. Afterwards Souza (1987) and 
Marquez-Sanchez (1987) proposed modifications to the Paterniani and 
Vencovsky's variants which would increase the expected genetic gain. 
The scheme of reciprocal recurrent selection is particularly 
appealing for hybrid development programs. The procedure is designed 
to improve the performance of a cross-population and also because it 
releases inbred progenies that could be easily included in the breeding 
nursery for further inbreeding and evaluation (Hallauer and Miranda, 
1988). 
Hallauer (1967a) and Lonnquist and Williams (1967) suggested a 
method for developing single crosses using full-sib interpopulation 
progenies from two, two-eared populations. Alternate rows of both 
populations are planted and individuals from one population are crossed 
to individuals from the other population. Both plants involved in the 
crosses are also selfed. Interpopulation full-sib progenies are 
evaluated in replicated trials in different environments. seed 
from the parental plants that performed better in crosses is planted in 
paired rows to initiate a new cycle of inbreeding and full-sib 
crossing. A cycle of reciprocal population improvement also can easily 
be included by intermating the families derived from the selected 
parents in each population (Hallauer, 1973; Hallauer and Eberhart, 
1970). 
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Theoretical Considerations on Reciprocal Recurrent Selection 
Cress (1966) provided a general formula for comparing the genetic 
gains obtained by reciprocal recurrent selection (RRS) and within 
population selection (WPS), assuming no epistasis and an arbitrary 
number of alleles per locus. He concluded that for all positive 
dominance relationships, RRS allows a faster rate of progress than WPS 
whenever the sum of the frequency for the favorable dominant allele for 
both populations (i.e., p^ + py) is less than 1.0. Once p^ + py becomes 
larger than 1.0, the rate of progress is faster for the WPS method. 
Consequently, RRS would be at least superior to WPS for only a few 
cycles if selection was effective in increasing the frequency of 
dominant alleles. The ultimate factor that determines the relative 
efficiency of RRS and WPS is the relative size of the additive variance 
in the original populations compared to the additive variance in the 
testcross progenies. Cress (1966) determined that when the sum of the 
gene frequency for dominant, favorable alleles is greater than 1.0, the 
relative size of the additive variance in the original population 
increases. Lack of genetic divergence between both populations (i.e.. 
Pa " Py) does not lead to slow progress by RRS. Thus, if the best 
alleles are present in both populations, rapid progress by RRS is 
independent of the existence of initial genetic divergence, and rate of 
progress only relies on the magnitude of the additive variance in 
testcrosses. Nevertheless, genetic divergence will limit the potential 
response to RRS when different sets of favorable alleles are present in 
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the two populations. 
According to Cress (1966), the WPS method has two major 
disadvantages in respect to RRS when the ultimate goal of the program 
is a hybrid cultivar. The author determined that for overdominance and 
certain gene frequencies, the covariance of the additive effects in 
closed populations with the additive gene effects in hybrid populations 
can be negative and, consequently, WPS would result in negative 
selection as far as hybrid performance is concerned. In general, WPS 
would maintain two separate populations, each of which would be at a 
lower performance level than that of the hybrid population obtainable 
by RRS. Thus, the maximum hybrid combination could not be obtained by 
WPS methods. 
If overdominant loci are present, RRS may reach an equilibrium at 
gene frequency less than complete fixation (Cress, 1967; Wricke and 
Weber, 1986). For this to occur the variance for testcrosses should be 
zero in both populations. Excluding the obvious case of gene fixation, 
the variances of testcrosses equal zero when p^ and py are equal to 
(1 + d)/2d, where 'd' is the level of dominance. The equilibrium gene 
frequency approaches 0.5 asymptotically as 'd' increases. When 
population A is at the equilibrium frequency in the outset, the first 
cycle of selection will not change the gene frequency in population B 
since the variance of testcrosses will be zero. However, changes will 
occur in population A because the variance of testcrosses for this 
population is positive. Consequently, population A will be displaced 
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from equilibrium and changes of gene frequency in both populations will 
be expected in the next cycles. If gene frequencies in two finite 
populations are at equilibrium, chance fluctuations will produce small 
gene frequency changes in one population. These small changes provoke 
the existence of a small amount of testcross variance which will lead 
to gene frequency changes in the reciprocal population. Once a slight 
genetic divergence between populations is established, selection 
proceeds to fix alternative alleles in the populations. Cress (1966) 
concluded that a stable equilibrium mantained by RRS is not feasible 
except for extremely large population sizes. 
Cress (1967) simulated a RRS program by using the Monte Carlo 
method and studied the trends in the progress of the means of the 
parental populations as well as of the hybrid populations. Cress 
(1967) considered complete dominance and overdominant models. The 
parental populations were assumed having five combinations of gene 
frequencies in the outset. Two combinations corresponded to two 
divergent stocks, and the others assumed the same frequencies in the 
two populations at three levels: 0.1, 0.5, and 0.9. The simulation 
model was applied to three RRS programs. One of them was as suggested 
by Comstock et al. (1949), and the others were modifications of the 
original procedure (RRS^). The first and second modifications will 
be referred, respectively, as RRSg and as RRS^ herein. RRS^ 
requires one generation of selfing at the beginning of each cycle of 
selection before producing the testcrosses, while RRS^ retains the 
original opposite population as a constant tester. Under a completely 
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dominant model, the three methods performed similarly after twenty 
cycles of selection. However, the gain in the hybrid population is 
nearly linear for RRS^ and RRS^, but curvilinear for RRSg. When the 
populations differ in gene frequencies at the outset, neither method was 
fully effective in increasing the means of the parental populations, and 
the mean of the hybrid population was intermediate to the parental 
populations. If there is no genetic divergence between the parental 
populations at the outset, good response can be expected in the cross 
population for RRS^ and RRSg. The means of the parental populations 
increase over cycles of selection, but there is a point in which the 
decline of the means is significant. If gene frequencies are p^^ -
Py - 0.5, the populations will be in equilibrium and the additive 
variance of testcrosses will be zero. However, since the populations 
are finite, chance fluctuations away from equilibrium may occur, and 
unless the tester is constant, small reciprocal changes in gene 
frequency are allowed to accumulate. 
Direct and Indirect Responses in Reciprocal 
Recurrent Selection Programs 
Reciprocal recurrent selection is directed toward the improvement of 
the hybrid population and any improvement in the parental populations 
themselves (indirect effects) will only be possible if both genetic 
gains are correlated. Cress (1967) stated that even though the 
selection is based on hybrid performance, the selection pressure is 
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exerted on the two closed parental populations. In absence of 
overdominance, the selection pressure in each population will depend on 
the respective gene frequency. Thus, the greater selection pressure is 
on the population that already has the higher frequency for the dominant 
allele. Even if the populations possess the same gene frequency at the 
beginning, small changes of frequency due to finite size will cause 
different increments in gene frequency as a result of selection. 
Consequently, divergence between parental stocks will occur. The 
population with the lower frequency for the dominant allele will reach 
an equilibrium below its genetic potential and fixation will be 
determined by random drift. 
Wricke and Weber (1986) also analyzed the divergence of gene 
frequencies due to RRS under several genetic models. The difference in 
the change of gene frequency in both population is always positive 
whether p^ + py < 1.0 or overdominance exists. Under a partial 
dominance model, divergence of gene frequencies will occur until the 
cycle in which the previous expression does not hold. In the following 
cycles, the gene frequencies will tend to converge at 1.0, and, thus, 
the favorable allele will be fixed in both populations. Under an 
overdominant model, the difference in the change in gene frequency will 
be always positive, and, consequently, the gene frequencies will diverge 
until the dominant allele becomes fixed in one population and the 
recessive in its counterpart. 
Cress (1967) emphasized that short-term selection response of RRS 
should not be taken as a reliable indicator of the gene action for the 
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trait under selection. Even under a model of overdominance, the 
genotypic value of the parental populations may increase depending on the 
distance from the equilibrium gene frequency. If both populations have 
gene frequencies that are similar with respect to the equilibrium 
frequency, the covariances between the additive effects of the alleles in 
each population and in the hybrid population will be positive and then 
selection will increase the gene frequencies in the parental 
populations. The increase is expected to continue until the allelic 
frequency in one of the populations is beyond the equilibrium value. 
Beyond the equilibrium value, both populations will have a decrease in 
their mean, and, consequently, the maximum mean for both populations will 
be determined at the point where either of the two populations surpasses 
the equilibrium frequency. 
Comstock (1980) summarized the long-term effects of reciprocal 
recurrent selection assuming a single locus with two alleles under 
different genetic models (Table 1). It should be noted that the expected 
long-term results could be modified by the effect of random drift. The 
general effect of random drift is to reduce the difference between the 
parental and hybrid populations in the average value of genotypes at 
overdominant loci. Once a population reaches p - 1.0, the expected 
change in gene frequency due to selection in the counterpart population 
becomes zero, and the final gene frequency in the counterpart population 
is partly determined by drift. 
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Table 1. Final allele frequencies and genotypes after selection for 
different levels of dominance (Adapted from Corastock, 1980) 
Final allele frequency Final genotypes 
Dominance level Population A Population B A B A x B 
Partial 1.0 1.0 FF* FF FF 
Complete 1.0 * FF * FF or Ff 
1.0 * FF FF or Ff 
Overdominance 1.0 0.0 FF ff Ff 
0.0 1.0 f f FF Ff 
*FF, Ff, and ff indicate the final genotypes expected after 
selection for different levels of dominance. 
Genotype and gene frequencies partly determined by genetic drift. 
Full-sib Reciprocal Recurrent Selection 
The development of new hybrids through random inbreeding and the 
evaluation of a large number of combinations is inefficient (Hallauer and 
Eberhart, 1970) because it does not accumulate favorable alleles for 
grain yield and recycling of selected materials is slow. Thus, it 
becomes important to integrate reciprocal selection programs with the 
development of inbred lines and their evaluation in crosses. The use of 
full-sib reciprocal recurrent selection (FSRRS), as proposed by Hallauer 
and Eberhart (1970), is better than the half-sib reciprocal recurrent 
selection in such integrated programs, Jones et al. (1971) compared both 
methods in this respect. In the FSRRS and regardless of the 
recombination effects that take place when selfing the parents, both 
parents of the desirable crosses are available. On the contrary, HSRRS 
allows the isolation of just one of the parents of the desirable crosses. 
An additional advantage of FSRRS, as compared with HSRRS, is that the 
FSRRS allows either the application of greater selection intensities or 
better sampling of both parental populations, provided similar amounts of 
resources are available. 
A premise for an efficient selection program is the availability of 
good estimates of the breeding values of the individuals sampled from 
each population. For this aspect, the estimation of the breeding value 
of an individual is affected by the breeding value of its mate, and, 
consequently, full-sib families would estimate breeding values with less 
accuracy than half-sib families (Jones et al., 1971). Nevertheless, 
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full-slb families are better to detect nonadditive effects than are 
half-sib families. This would be an advantage if nonadditive effects 
are important. Jones et al. (1971) focused their attention in comparing 
both methods by giving attention to the balance between the potential 
for using greater selection intensity and the less accuracy in estimates 
of breeding values. 
According to Comstcck et al.(1949) if two alleles for a single locus 
are assumed, the change in gene frequency in a parent population under 
RRS is: 
Aq^ - { k q^(l-q^)[l + (l-2qg)d]a} / 2 ap, 
where d - level of dominance; 
a - additive effect; 
q^ - frequency of the desirable allele in population A; 
qg - frequency of the desirable allele in population B; and 
OTp - phenotypic standard deviation of the family means used as 
selection units; and k is the selection intensity. 
Using 'fs' and 'hs' as subscripts to indicate full-sib and half-sib 
families as selection units, the relative value of FSRRS and HSRRS for 
changing the gene frequency in the parental population can be expressed 
by the following expression: 
^^Afs/^^Ahs "" ^fs *Phs/khs *Pfs' 
where and ffpjjg are the phenotypic standard deviations. 
In RRS, a male is crossed to a number of female plants (f) of the 
opposite population, where f-1 in FSRRS and f>l in HSRRS. If the 
families were tested in 'r' replications in a single experiment, the 
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phenotypic standard deviation of the family means would be: 
a^p- + cT^f/f ,+ CT^/r, 
n 
where a jjj is the variance among males, 
A 
«7 £ is the variance among females, and 
a is the experimental error. 
Assuming no epistasis and linkage equilibrium, when half-sib 
intrapopulation families are considered (Compton et al., 1965): 
(l/4)a2^- :S (1/4)^2^ + (l/4)a2^, 
O O 
where (7 ^ and a ^ are, respectively, the additive and dominance 
variances. 
For complex traits in half-sib interpopulational families, the 
variance component for females normally is at least as large as the 
variance component for males. Consequently, the relation between 
and epgg will depend on the magnitude of the additive, dominance, 
and error variance. If ^nd o^/r-O.O, then 2?^^ and 
could be reduced to 1/3 of a pgg if sufficient females were used. 
2 However, a /r is not close to zero and, consequently, the reduction in 
O O 
cr^phs relative to <7 pfg would be less than above (Jones et al., 1971). 
If epistasis is important and linkage disequilibrium exists, the 
prediction is difficult. Nevertheless, as was mentioned above, if 
performance of desirable crosses relies on favorable interallelic 
interactions, FSRRS will select both parents of the cross, while HSRRS 
will select just one of them. Although recombination of the selected 
parent in each population will break those favorable gene combinations, 
they will have a higher probability of occurrence with FSRRS (Jones et 
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al., 1971). The authors also used a computer simulation for evaluating 
the progress in the mean of the cross populations corresponding to 20 
cycles of FSRRS and HSRRS procedures. Different selection intensities 
and genetic models were assumed and in most of the cases FSRRS gave 
greater response than HSRRS. The authors concluded that FSRRS would be 
more efficient at lower selection intensities and when the environmental 
variance was large relative to the total genetic variation. In the 
simulation study, it became evident the necessity of keeping large 
population sizes to avoid loss of genetic variation due to random drift. 
Extraction of Single Crosses from a FSRRS Program 
Even though additive variance could be predominant (Gardner, 1963) 
and epistatic variance of minor importance in most maize populations, 
there is qualitative evidence for the presence of epistasis for grain 
yield in specific combinations (Sprague et al., 1962). 
The FSRRS procedure selects pairs of genotypes rather than 
individual genotypes, and the selection for nonadditive effects is 
maximized in each generation of inbreeding, while selection for additive 
effects is also effective. Hallauer (1973) stated that the procedure 
emphasizes selection for specific genetic combinations associated with 
nonadditive effects in each generation of testing as well as for general 
combining ability associated with additive effects. Since the SQ 
parents used in making the full-sib progenies are essentially single 
crosses, 50 % of the additive variance in the original populations is 
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contained within progenies, and, consequently, the production of a 
new cycle of full sib progenies using the Sj^ progeny pairs will 
provide opportunity for further improvement (Lonnquist and Williams, 
1967). 
Ehdaie and Cress (1973) emphasized that experimental evidence of the 
importance of epistasis is available and used a computer simulation for 
comparing HSRRS and the hybrid extraction phase of the procedure 
suggested by Hallauer (1967a,b). Two genetic models were used in the 
comparison, depending on the presence or absence of epistasis. Under a 
nonepistatic model, it was found that the reciprocal full-sib procedure 
had greater ability to respond to dominance variance and that the 
response was positive regardless of the gene frequency or selection 
intensity. If epistasis is included in the model, the response of the 
hybrid development phase of FSRRS was better than that of the HSRRS 
under most of the combinations of gene frequencies and selection 
intensities. The authors stated that the genetic gain by selection may 
be due to either a change of the average gene frequency at a locus or by 
complementary intra-and interlocus changes or both ('nicking effects'). 
Nicking effects will be present whenever nonadditive variance is 
different from zero. Under a model of complete dominance or 
overdominance, nicking effects are essentially intralocus effects. 
Under these circumstances, the selection for the dominant allele in one 
population would tend to slow selection for the same allele in the 
opposite population. Under a model including epistasis, nicking effects 
will be due to intra- and interlocus changes (Ehdaie and Cress, 1973). 
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FSRRS emphasizes selection for prolificacy which may also contribute to 
enhance the response to selection (Hallauer and Miranda Filho, 1988). 
Miranda Filho et al. (1982) conducted a theoretical study of the 
genetic potential of the procedure for developing hybrids from 
interpopulation full-sib progenies. The expected genetic correlation 
and regression coefficients between means in different generations under 
selfing and full-sibbing were used to estimate the potential efficiency 
of the procedure. The authors stated that selection among SQ X SQ 
full-sib crosses would be very effective for identifying the best x 
full-sib crosses. It was also concluded that the effect of varying 
. • 
the level of dominance on the regression and correlation coefficient was 
larger than that of changing the population gene frequencies. 
Observed Response in Half-sib Reciprocal 
Recurrent Selection Programs 
Maize populations 'Jarvis' and 'Indian Chief have undergone a 
long-term selection program at North Carolina (Moll et al., 1978). The 
primary trait under selection was grain yield. After eight cycles of 
selection, grain yield of the population cross (direct response) 
increased significantly. Midparent heterosis increased from 29.4% in 
the original interpopulation cross to 40.7% in the cross between the 
cycle eight populations. The populations themselves (indirect response) 
also improved their grain yields significantly although at a lower rate 
than the interpopulation cross. Grain yield of Indian Chief increased 
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at a slower rate than did Jarvis. Correlated response was observed for 
number of ears and ear height after eight cycles of selection. Number 
of ears per plant increased, while ear height decreased over cycles of 
selection. The results agreed with the expectations for a simple 
dominance genetic model (Moll et al., 1978). Moll and Hanson (1984) 
compared ten cycles of full-sib (intrapopulation) selection with ten 
cycles of HSRRS using the diversity analysis of Hanson and Casas (1968) 
and Hanson (1983). The rate of grain yield improvement per cycle was 
2.4% and -0.3% for Jarvis and Indian Chief, respectively, and 2.7% for 
the interpopulation cross. The observed progress in the crosses between 
the cycle 0 populations and their respective improved populations was 
not 50% of the progress for the corresponding selected populations per 
se. This was interpreted as an indication that some dominance effects 
were involved in the response to selection. On the contrary, ears per 
plant responded as expected under an additive model without dominance. 
The authors conducted a diallel cross among the improved cycles of 
full-sib selection and HSRRS programs. Both additive and dominance 
effects were involved for yield and ears per plant. The divergence 
analysis showed that divergence for grain yield within the Jarvis 
strains involved primarily additive gene effects while divergence within 
Indian Chief strains was due to both additive and dominance effects. 
Divergence between the parental populations increased due to genes with 
dominance and additive effects. According to Moll and Hanson (1984), 
half-sib reciprocal recurrent selection utilized the additive effects 
from Jarvis and dominance effects from Indian Chief to establish 
22 
divergence between the populations. Even though the changes in 
additive-associated gene effects for grain yield predominated during the 
initial eight cycles of selection, dominance effects became important by 
the tenth cycle (Hanson and Moll, 1986). Hanson and Moll (1986) 
observed an increase in midparent heterosis from 12% in the original 
interpopulation cross to 36% in the population cross corresponding to 
the tenth cycle of selection. Hanson and Moll (1986) also indicated 
that overdominance types of gene action were relatively unimportant for 
grain yield and that reciprocal recurrent selection increased the 
frequency of genes having favorable additive-associated and 
dominance-associated effects. Cumulative effects of inbreeding might 
have explained the lack of response observed from cycle eight to cycle 
ten, and also contributed to the increased divergence between the 
populations per se. Even though the greatest divergence between Jarvis 
and Indian Chief arose from the HSRRS, it did not result in the best 
yielding combination detected in the diallel analysis. 
'Iowa Stiff Stalk Synthetic' (BSSS) and 'Iowa Corn Borer Synthetic 
#1' (BSCBl) have been improved by HSRRS since 1949 and periodic 
evaluations of the program were reported (Penny and Eberhart, 1971; 
Eberhart et al., 1973; Smith, 1979a, 1983, 1984; Martin and Hallauer, 
1980; Helms, 1986). Grain yield was emphasized, but some consideration 
was also given to maturity and standability (Hallauer, 1985). 
According to Smith (1979a), genetic drift may have limited the 
response to selection in the parental populations because only ten lines 
were recombined in each cycle of selection. A little reduction in yield 
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in BSCBl was found after seven cycles of selection. Stangland et al. 
(1982) reported that the grain yield of population crosses was improved 
by recurrent selection at a rate of 7% per cycle. The same authors 
attributed a relatively small importance to nonadditive gene action in 
the improved yield of BSSS(R)C7 x BSCB1(R)C7 since the rate of gain for 
the population cross was similar to that for crosses involving 
BSCBl(R)Cn and BS13, a BSSS strain improved by S2 recurrent 
selection. Smith (1983) reported a progress of 4.3% per cycle for the 
population cross after eight cycles of selection. The indirect 
responses adjusted for the effects of genetic drift were larger than the 
estimates of direct response in the interpopulation cross. However, the 
actual gains in the populations themselves were 1.9% and 0.6% per cycle 
in BSSS and BSCBl, respectively (Hallauer, 1985). The midparent 
heterosis in the cross involving the original populations was 22.6% and 
31.5% in the cross of the advanced populations. Hanson (1987) conducted 
a diversity analysis for obtaining information on the nature of 
divergence due to this selection program. Hanson (1987) concluded that 
divergence from the base population occurred for genes having 
additive-associated and dominance-associated gene effects with each 
cycle of HSRRS, and populations continued to diverge with respect to 
loci having dominance effects. Oyervides-Garcia and Hallauer (1986) 
reported that strains of BSSS and BSCBl improved by reciprocal recurrent 
selection exhibited less inbreeding depression than the original 
populations. This observation agrees with the results of Helms (1986) 
and Rodriguez and Hallauer (1988). Helms (1986) reported that the mean 
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grain yield of a random set of S2 lines was larger when the lines were 
drawn from selected populations rather than from the original 
populations. Rodriguez and Hallauer (1988) found that the inbreeding 
depression diminished from 37.4% in BSSSCO to 24.7% in BSSS(R)C10 and 
from 38,4% in BSCBICO to 37.5% in BSCB1(R)C10. The rates of gain in the 
populations per se (indirect response) were 0.061 Mg ha"^ cycle"^  
in BSSS and -0.084 Mg ha'^ cyole"^  in BSCBl, The same rates 
estimated for the SI generation of BSSS and BSCBl were 0.105 and -0.048 
Mg ha'^ cycle'l, respectively. 
'Teko Yellow Horsetooth' (TYH) and 'Natal Yellow' (NY) populations 
were improved by HSRRS in South africa. After three cycles of selection, 
the yield of the parental populations increased at a rate of 6.0% (TYH) 
and 7.9% (NY). The direct response was 6% per cycle (Gevers, 1975). 
Darrah et al. (1978) reported a direct response of 7% per cycle in the 
population cross between 'Kitale Synthetic II' and 'Ecuator 573'. 
Paterniani and Vencovsky (1977) estimated a 3.5% gain per cycle after 
three cycles of selection in the interpopulation cross between 'Flint 
Composite' and 'Dent Composite'. 
Observed Response in Full-sib Reciprocal 
Recurrent Selection Programs 
A selection program in BSIO and BSll was initiated by Hallauer in 
1963. Nine cycles of selection have been completed and several 
preliminary evaluations reported. Obilana et al. (1979) evaluated the 
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response to selection from cycle 0 to cycle 3. They found yield 
increases in the populations themselves (5.5% and 6.0% in BSIO and BSll, 
respectively) as well as in the interpopulational cross (6.3%). The 
heterosis changed very little over cycles of selection and most of the 
improvement in the cross population could be attributed to the 
Improvement in BSIO and BSll themselves. A decrease in stalk lodging 
and grain moisture also were observed as a result of selection. The 
grain yield frequency distribution of SQXSQ crosses indicates that 
the mean of these crosses from cycle 3 was located two standard 
deviations above the mean of six check hybrids, while the mean of the 
same type of crosses from the original populations was two standard 
deviations below the mean of the checks. 
Hallauer (1984) evaluated the response to selection from cycle 0 to 
cycle 6 by comparing the mean of the full-sib progenies arising from 
each cycle with the mean of six constant checks. It was found that the 
average yield of the full-sib progenies exceeded the average yield of 
the common checks after four cycles of selection. The midparent 
heterosis for yield measured on the full-sib families increased from 
6.3% for the CQ populations to 28.4% for the Gg populations. 
Decreases in both stalk lodging and grain moisture in the advanced 
cycles of selection also were observed. The grain yield of the 
interpopulation cross increased at a rate of 2.1% per cycle (direct 
response), while grain yield of the parental populations increased 2.7% 
and 2.4% in BSIO and BSll, respectively (indirect response). There was 
no evidence of a decrease in genetic variability among full-sib 
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progenies across cycles of selection. 
Reeder et al. (1987) evaluated the first six cycles of selection and 
tried to determine whether changes in genetic variances occurred as a 
result of selection within BSIO and BSll. Most of the changes detected 
by these authors were small and statistically nonsignificant. The grain 
yield of full-sib progenies increased 6.3% in BSIO and 5.7% in BSll from 
cycle 0 to cycle 6. Grain yield of S^  lines increased 11.6% in BSIO 
and 26.3% in BSll from cycles 0 to 6. Yield inbreeding depression, 
measured as percentage of SQ generation, was significantly lower in 
BS11(FS)C6 than in BSll CO. 
The hybrid development phase of full-sib reciprocal selection was 
evaluated by Hoegemeyer and Hallauer (1976). Despite the limited 
testing for general combining ability, the authors determined that the 
method isolated lines giving superior additive as well as nonadditive 
contributions to their hybrids. The importance of additive variance 
would be larger than that of the dominance variance in both parental 
populations because the mean square of specific combining ability for 
selected and unselected lines were of the same magnitude. Another 
possible explanation for this could be that large specific combining 
ability effects were infrequent. The selected pairs of lines isolated 
with this procedure, however, showed a larger frequency of positive and 
significant SCA effects than unselected pairs; this suggests that the 
procedure must have caused the selection and fixation of genes in 
opposite lines which resulted in positive dominant or epistatic effects 
in crosses. Rodriguez (1988) found that FSRRS procedure was able to 
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identify crosses that were equal to or superior to check hybrids for 
grain yield. 
The application of FSRRS has not been confined to maize. Miller 
(1987) reported the use of the procedure in sunflower CHelianthus annuus 
var. macrocarpa (DC.)) breeding. Two synthetics were improved 
reciprocally. One of them arose from the recombination among a 
collection of B lines having resistance to Verticillium wilt. The other 
synthetic was obtained by reccmbining a group of multiheaded R lines 
resistant to race 2 of downy mildew. The full-sib families were 
obtained using the multiheaded individuals of the R population as seed 
parents. Both parents of each cross were also selfed. The method was 
found efficient in improving the population cross and for identifying 
inbred lines with excellent general combining ability. 
Explanation of Thesis Format 
This dissertation is organized into two sections. Section I refers 
to the response to eight cycles of full-sib reciprocal recurrent 
selection in maize populations BSIO and BSll. Direct responses observed 
in the interpopulation crosses and indirect responses in the populations 
themselves and their testcrosses are analyzed. Changes associated with 
selection in inbreeding depression and heterosis also are discussed. 
Correlated changes in traits, other than those directly selected for, 
are considered. Section II includes a discussion on the contribution of 
additive and dominance effects to the response to selection. The effect 
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genetic drift on the observed indirect response in the populations 
themselves is also discussed. 
Each section constitutes a manuscript to be submitted to a 
professional journal. Following Section II, a General Discussion and 
Conclusions and an Appendix are included. The Appendix contains some 
theory related with the genetic model used in Section II and a printout 
of the data used in this study. 
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SECTION I. DIRECT AND INDIRECT RESPONSES TO FULL-SIB RECIPROCAL 
RECURRENT SELECTION FOR GRAIN YIELD AND STANDABILITY IN BSlO AND BSll 
MAIZE POPULATIONS 
Abstract 
Developing heterotlc patterns is important in applied maize breeding 
programs. Interpopulation recurrent selection can be helpful for 
developing new heterotic patterns and enhancing those identified 
previously. The objective of this research was to estimate the direct 
and indirect responses to eight cycles of full-sib reciprocal recurrent 
selection in maize populations BSIO and BSll. The populations 
themselves and their crosses corresponding to cycles 0, 2, 4, 6, and 8 
were evaluated at two levels of inbreeding (F=0 and F-0.5). Testcrossed 
populations to the respective cycle 0 populations, and unrelated inbred 
lines were included in the evaluations. The experiments were conducted 
in eight environments. 
Eight cycles of selection were effective for increasing grain yield 
for the population cross (7.5%) as well as for BSIO (2.9%) and BSll 
(1.6%). Standability, prolificacy, and other important agronomic traits 
also changed in the desired direction. In most instances the responses 
were linear over cycles of selection. The selected populations also 
performed better than the unselected populations in crosses with 
testers, other than the opposite population. Changes in inbreeding 
depression and heterosis were associated with selection. FSRRS seems to 
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have Increased the frequency of homozygotes for favorable alleles in the 
BSlOCn and fiSllCn populations. BSlOCn and BSllCn would be a better 
source of vigorous inbred lines with good general combining ability. 
FSRRS seems to have increased the frequency of heterozygotes in the 
population crosses. 
The rate of direct responses were larger than the indirect responses 
for grain yield and standability. For grain yield, the rates of direct 
and indirect responses observed in the inbred populations tended to be 
larger than the responses in the per se populations, as expected under 
the hypothesis that heterosis is due to genes with partial to complete 
dominance effects. 
According to the results obtained in this research, the application 
of FSRRS would provide improved sources of germplasm for applied 
breeding programs. 
Introduction 
The inbreeding and heterosis approach has become the most widely 
used method for improving grain yield of maize (Zea mays L.) since Shall 
(1909) suggested the pure-line method of breeding. It has been 
determined that the heterotic response requires the existence of 
differences in gene frequency between the parents of a cross for alleles 
having dominance effects. Reciprocal recurrent selection (Comstock et 
al., 1949) is a breeding procedure designed to enhance the heterosis 
between two populations by maximizing the genetic divergence between 
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them for loci with dominance effects. Thus, the application of 
reciprocal recurrent selection should become a useful, complementary 
tool for breeding crops in which production of hybrid cultivars is 
commercially feasible. Nevertheless, there are few programs of 
reciprocal recurrent selection whose results have been reported in the 
literature. 
The full-sib reciprocal recurrent selection allows an appropriate 
integration of long- and short-term breeding objectives. Enhancement of 
breeding populations can be accomplished with the development of 
single-cross hybrids (Hallauer and Miranda Filho, 1988). The uniqueness 
of reciprocal full-sib selection is that it selects pairs rather than 
individuals, in such a way that both parents of the crosses are 
identified. In the development of superior single crosses, breeders try 
to identify specific pairs of lines. The superiority of these 
combinations probably relies on nonadditive effects which also are 
emphasized by the full-sib reciprocal recurrent selection procedure. 
Moreover, the improvement in the level of heterosis shown by an 
interpopulational cross is expected to be associated with a further 
increase in the heterosis expressed in crosses between selected lines. 
Reciprocal recurrent selection is directed toward the improvement of 
the hybrid population and any improvement in the parental populations 
themselves (indirect effects) will only be possible if both genetic 
gains are correlated. Cress (1967) stated that even though the 
selection is based on hybrid performance, selection pressure also is 
exerted on the two closed parental populations. In absence of 
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overdominance, the selection pressure in each population will depend on 
the respective gene frequency. Thus, the greater selection pressure is 
on the population that already has the higher frequency for the dominant 
allele. Even if the populations possess the same gene frequency at the 
beginning, small changes of frequency due to finite size will cause 
different increments in gene frequency as a result of selection. 
Consequently, divergence between parental stocks will occur. The 
population with the lower frequency of the dominant allele will reach an 
equilibrium below its genetic potential and fixation will be determined 
by random drift. 
A program of full-sib reciprocal recurrent selection was initiated 
in maize populations BSIO and BSll by Hallauer (1967) in 1963. Reports 
on the response to selection have been periodically published. The last 
study (Hallauer, 1984) utilized the frequency distribution of full-sib 
families in comparison with constant checks as a way for estimating the 
response to selection from cycle 0 to cycle 6. The objective of this 
section is to report the response after eight cycles of selection 
regarding the following aspects: 1) evaluation of the direct response 
to selection, and 2) evaluation of the indirect responses observed in 
the populations themselves and their combining ability with related and 
unrelated testers. 
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Materials and Methods 
Maize population BSIO was formed by intermating ten lines, mostly 
related to Reid Yellow Dent germplasm (Russell et al., 1971). Maize 
population BSll was developed by W.L. Brown from Pioneer Hi-Bred 
International Inc. and arose from crossing southern prolific material 
and Corn Belt lines. 
BSIO and BSll were chosen to initiate a full-sib reciprocal 
recurrent selection program because of their two-earedness and 
nonrelated origin (Hallauer, 1967). At the time the program was 
initiated, information for BSIO and BSll regarding their genetic 
variability as well as the heterosis expressed by their cross-population 
was not available. Hallauer and Miranda Filho (1988) provided a general 
description of the full-sib reciprocal selection procedure, and details 
concerning its implementation in the BSIO and BSll selection program. 
were reported by Hallauer (1967, 1973, 1984). Emphasis of selection was 
given for yield and standability. Beginning at cycle 6, a selection 
index including grain yield, stalk lodging, and root lodging was 
applied. Index weights were the respective heritabilities of the traits 
included in the index, as suggested by Smith et al. (1981). 
In this study, the base populations and their interpopulation 
crosses corresponding to cycles 0, 2, 4, 6, and 8 were evaluated at two 
levels of inbreeding (F-0 and F-0,5). Testcrosses of BSIO and BSll 
strains (F-0) with unrelated lines and the respective original 
populations also were included in the yield trials. The inbred lines 
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utilized as testers were B77 and Mol7 for BSIO population and B73 and 
B79 for BSll population. Mol7 and B73 are representative of the 
Lancaster Sure Crop group and Reid Yellow Dent group, respectively. B79 
was selected from BSIO and evolved from the full-sib reciprocal 
recurrent selection program (Hallauer, 1967; Russell and Hallauer, 
1976). B77 evolved from the same program as B79, but B77 was selected 
from BSll (Russell and Hallauer, 1975). Single crosses B73 x Mol7, B77 
X Mol7, and B73 x B79 and their respective F2 populations also were 
included in the experiments. 
Seed necessary for conducting this research was produced in the 1985 
nursery at the Agronomy and Agricultural Engineering Research Center, 
Iowa State University, Ames. Individuals from each population were used 
as a male parent in crosses with no more than two female plants from the 
same population. Tassels of plants already used as males were removed 
to prevent additional pollinations. Reciprocal crosses between 
individual pairs were avoided. Approximately 100 ears were harvested 
from each population and an equal number of seeds from each ear was 
bulked to obtain a representative sample of each population. Seed for 
interpopulation crosses was obtained in the same manner as for 
intrapopulation crosses, but alternate rows of both populations were 
planted to make crosses. Testcrosses involving inbred lines were made 
using the lines as the male parents. Seed from direct and reciprocal 
crosses were bulked together since maternal effect have been found to be 
of minor importance for the traits investigated (Hallauer and Miranda 
Filho, 1988). 
35 
The sixty-four entries were arranged in a 8 x 8 triple lattice 
design and planted at four locations (Boone, Ames, Ankeny, and 
Martinsburg, Iowa) in 1987 and 1988. The eight experiments were machine 
planted and harvested. Each experimental plot consisted of two rows 
5,49 m long spaced 76.2 cm between rows. The plots were overplanted and 
thinned to 52 plants/plot (62150 plants/ha) one month after planting. 
The traits evaluated and the methods of collecting the data for each 
trait were as follows : 
1. Days to anthesis (POLLEN) were measured as the number of days from 
planting date to the time at which 50% of the plants in the plot 
were shedding pollen. 
2. Prolificacy index (PI). The ears in each plot were counted before 
machine harvesting and the PI estimated as the ratio: 
(number of ears per plot/number of plants per plot) x 100 
3. Ear height (EARH) was measured as the distance between the ground 
level and the upper most ear-bearing node for ten competitive plants 
(five plants per row) . EARH was measured ten days after flowering 
was completed. The mean of ten observations was expressed in 
centimeters and utilized in the statistical analysis. 
4. Stand of plants (STAND) was obtained by recording the number of 
plants per plot approximately two months after planting date and 
converted to plants per hectare. 
5. Stalk lodging (STKlXï) was recorded as the number of plants with 
broken stalks below the primary ear node immediately before 
harvesting and expressed as a percentage of plants per plot. 
6. Root lodging (RTLG) was recorded as the number of plants leaning 
more than 30° from the vertical axis in each plot immediately before 
harvesting and expressed as a percentage of plants per plot. 
7. Dropped ears (DEARS) were recorded as the number of ears that had 
fallen to the ground immediately before harvesting and expressed as 
a percentage of plants per plot. 
8. Grain yield (YLD) was recorded on a 15.5% grain moisture basis and 
expressed as quintals per hectare. 
9. Grain moisture (MOIST) was recorded at harvesting in each plot and 
replication by a Dickey-John portable moisture tester. 
Traits 1 through 3 were measured in four environments and the other 
traits were evaluated in all the environments. 
The entries were arranged in 8 x 8 triple lattice experiments. An 
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analysis of variance appropriate for a randomized complete block design 
was conducted using the adjusted means obtained from the lattice 
analysis combined over environments. Grain yield and prolificacy index 
were adjusted for stand of plants. 
Entries and environments were considered as fixed and random 
effects, respectively, for the analysis combined over environments. A 
further partitioning of the entry sums of squares appropriate to the 
objectives of this research was done. The denominator of the F-test for 
each source of variation was either the pooled error or the respective 
mean square for the interaction with environment. The entry x 
environment interaction and its components were tested with the pooled 
error obtained from the lattice combined analysis of variance. When 
computing the least significant differences (LSDs) among entry means, 
the entry x environment mean square from the partition was used as the 
error variance. 
The Pearson's linear correlation coefficients between traits were 
computed separately for the per se parental populations and their 
crosses (fifteen entries) and for the selfed parental populations and 
their crosses (fifteen entries). 
Two regression models, linear and quadratic, were fitted to the 
entry means across environments to assess the response to selection, as 
suggested by Eberhart (1964). When lack-of-fit was nonsignificant for a 
model Including the intercept and the linear coefficient, the rate of 
response per cycle of selection was estimated by the linear coefficient 
expressed as a percentage of the intercept. Otherwise, an average 
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response per cycle was computed as the difference between the means of the 
C8 and CO populations divided by eight and expressed as a percentage of 
the CO population mean. 
Midparent heterosis was estimated as the difference between 
the mean of a cross (F^ ) and the average of its parents, (MP) and 
expressed as a percentage of MP: 
H^ p - [(Fi - MP)/MP] X 100. 
High-parent heterosis (H^ p) was estimated as the difference between 
the mean of a cross and its best parent (BP), and expressed as a 
percentage of BP: 
"hp - - BP)/BP] X 100. 
Inbreeding depression (ID) was measured as actual units, as a 
percentage of the noninbred generation and as a rate (Lamkey and Smith, 
1987). 
Results 
The environmental conditions were more suitable for growing maize in 
1987 as compared with those in 1988. Severe water stress and high 
temperatures limited the yield (43.8% lower than 1987) of the target 
populations and the hybrid checks in 1988. The mean yields were 6.61 Mg 
ha"^  in 1987 and 3.72 Mg ha"^  in 1988 (Table 1). The overall mean 
yield for all environments was 5.16 Mg ha"^  and ranged from 2.69 Mg 
ha"^  (Ames, 1988) to 7.74 Mg ha"^  (Ames, 1987). The means of ear height 
and prolificacy index also were lower in 1988, while other traits 
Table 1. Observed means for the traits evaluated in this study for each environment and averaged 
over all environments 
Trait* 
Environment YLD 
Mg ha' 
MOIST 
% 
PI POLLEN 
days 
STKLG RTLG 
- % --
DEARS EAEH 
cm 
1987-
Boone 7.50 24.2 100.0 74.8 14.9 5.5 1.4 130.3 
Ames 7.74 17.6 112.4 69.2 7.8 2.6 0.4 127.8 
Ankeny 6.72 18.3 __b 11.1 4.7 1.0 
Martinsburg 4.47 16.0 26.7 5.4 3.1 
Mean 1987 6.61 19.0 106.2 72.0 15.1 4.6 1.5 129.1 
1988 
Boone 4.12 23.1 97.0 82.1 20.1 3.4 0.7 99.5 
Ames 2.69 19.7 79.4 76.6 16.4 0.5 0.2 101.4 
Ankeny 5.06 16.6 - - - - 16.3 2.7 0.1 - — 
Martinsburg 2.99 22.6 10.7 7.3 0.3 
Mean 1988 3.72 20.5 88.2 79.3 15.9 3.5 0.3 100.5 
Overall Mean 5.16 19.8 97.2 75.7 15.5 4.0 0.9 114.8 
T^raits are designated as grain yield (YLD), grain moisture (MOIST), prolificacy index (PI), 
days to anthesis (POLLEN), stalk lodging (STKLG), root lodging (RTLC), dropped ears (DEARS), and 
ear height (EARH). 
Data were not recorded. 
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exhibited smaller changes between years• 
Although the lattice design analysis of variance revealed design 
efficiencies similar to randomized complete block designs in most 
instances, further data analysis were performed using the entry means 
adjusted for block effects in all instances to gain consistency in the 
procedures. Because of the large differences in environmental effects 
among experiments, the error variances of the experiments were 
heterogeneous, and, consequently, the levels of significance reported in 
this study should be considered as approximations. 
Entry means averaged over eight environments are listed in Tables 2 
to 5. Significant differences among entries were detected for all 
traits evaluated, except dropped ears. At the beginning of the 
selection program, BSll had higher grain yield than BSIO, but this 
difference disappeared after four cycles of selection. BSll also showed 
higher prolificacy index than BSIO before two cycles of selection were 
completed. 
The observed direct and indirect responses to selection are listed 
in Table 6. For grain yield, the rate of response tended to be larger 
for the inbred populations compared with that of the populations and 
their crosses per se. The rates of direct response were larger than 
those of indirect response for both the noninbred and inbred 
generations. BSIO inbred population showed a slower rate of response to 
selection for yield than BSll inbred population. The opposite occurred 
for the strains per se. The ratios between rate of response in grain 
yield for the inbred populations and the rate of response of the 
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Table 2. Means averaged across eight environments for grain yield 
(YLD) and moisture (MOIST), prolificacy index (PI) and days 
to anthesis (POLLEN), for the populations and their crosses 
and after one generation of selfing 
Trait 
Populations YLD MOIST PI POLLEN 
and crosses Mg/ha % days 
Noninbred 
BSIO CO 4.15 19.7 82.6 75.6 
BSIO C2 4.38 17.0 101.2 73.1 
BSIO C4 5.09 19.0 108.2 75.8 
BSIO C6 5.24 21.4 107.1 77.0 
BSIO C8 5.13 18.5 111.0 75.4 
BSll CO 4.92 22.4 92.6 77.3 
BSll C2 5.15 19.8 97.1 74.9 
BSll C4 4.86 20.0 101.6 76.5 
BSll C6 5.47 18.6 108.7 74.8 
BSll C8 5.56 20.8 111.7 75.9 
BSIO CO X BSll CO 4.65 20.7 90.5 75.5 
BSIO C2 X BSll C2 5.72 19.1 109.5 74.2 
BSIO C4 X BSll C4 5.96 19.4 108.2 75.0 
BSIO C6 X BSll C6 6.36 19.6 113.9 74.6 
BSIO C8 X BSll C8 7.46 19.2 119.6 74.3 
LSD 0.05 0.44 1.0 6.9 1.1 
LSD 0.01 0.58 1.4 9.3 1.4 
- --" Inbred ----
BSIO CO 2.39 18.6 71.8 76.8 
BSIO C2 (a 2.67 17.7 89.5 76.1 
BSIO C4 @ 2.91 18.2 84.6 76.7 
BSIO C6 @ 3.09 20.5 86.5 77.8 
BSIO C8 @ 3.44 18.5 97.1 77.3 
BSll CO @ 2.16 20.8 53.2 79.5 
BSll G2 @ 3.08 20.0 79.8 77.6 
BSll C4 <g 2.88 20.1 82.8 78.4 
BSll G6 @ 3.25 19.0 91.6 77.5 
BSll C8 (3 3.45 20.8 89.8 78.7 
(BSIO CO X BSll CO) @ 2.58 19.7 78.1 76.7 
(BSIO C2 X BSll C2) @ 3.36 20.2 83.0 77.8 
(BSIO C4 X BSll C4) (§ 3.59 20.3 95.2 77.6 
(BSIO C6 X BSll C6) @ 3.74 20.3 91.7 76.7 
(BSIO C8 X BSll C8) (§ 4 .29  20.3 106.5 76.8 
LSD 0.05 0 .39  1.1 9.4 1.1 
LSD 0.01 0.52 1.4 12.6 1.4 
*One generation of selfing. 
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Table 3. Means averaged over eight environments for stalk (STKLG) and 
root (RTLG) lodging, dropped ears (DEARS), and ear height, 
(EARH), for the populations and their crosses and after one 
generation of selfing 
Traits 
Populations STKLG RTLG DEARS EARH 
and crosses % cm 
— Noninbred — 
BSIO CO 20.7 5.2 1.2 116.8 
BSIO C2 24.0 1.7 0.2 111.4 
BSIO C4 18.8 3.5 1.1 121.1 
BSIO G6 13.4 5.1 1.4 117.1 
BSIO C8 16.1 2.6 0.6 110.7 
BSll CO 22.0 10.7 1.0 127.1 
BSll C2 15.5 8.8 1.4 118.4 
BSll C4 15.6 7.5 0.9 119.1 
BSll C6 11.7 3.8 1.0 109.9 
BSll C8 12.9 1.9 0.7 116.0 
BSIO CO X BSll CO 22.9 6.5 0.7 121.3 
BSIO C2 X BSll C2 19.6 2.1 0.7 116.9 
BSIO C4 X BSll C4 18.3 3.2 1.5 121.4 
BSIO C6 X BSll C6 15.4 4.9 0.5 118.8 
BSIO C8 X BSll C8 12.5 3.6 0.7 125.8 
LSD 0.05 5.3 3.1 0.9 • 6.4 
LSD 0.01 7.1 4.2 1.2 8.5 
- - -- Inbred - ---
BSIO CO (a^  19.1 0.7 1.2 102.9 
BSIO C2 @ 20.0 4.4 0.8 108.4 
BSIO G4 @ 19.2 2.8 0.8 108.0 
BSIO C6 (a 12.3 4.7 0.9 105.3 
BSIO C8 @ 12.9 3.4 1.1 106.2 
BSll CO @ 13.6 6.4 1.0 106.8 
BSll C2 0 11.9 3.5 0.6 108.9 
BSll C4 @ 13.0 5.2 0.6 101.5 
BSll C6 (a 15.1 4.5 0.3 108.0 
BSll C8 (§ 9.8 4.3 0.7 109.4 
(BSIO CO X BSll CO) (a 18.7 8.1 0.5 103.7 
(BSIO C2 X BSll C2) (a 18.2 4.8 0.9 109.3 
(BSIO C4 X BSll C4) @ 14.2 5.5 1.0 110.1 
(BSIO C6 X BSll C6) @ 13.3 8.8 0.5 110.3 
(BSIO C8 X BSll C8) @ 11.1 2.8 0.6 110.1 
LSD 0.05 4.5 2.8 0.9 5.2 
LSD 0.05 6.0 3.7 1.1 7.0 
O^ne generation of selfing. 
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Table 4. Means averaged over e 
and moisture (MOIST), 
anthesis (POLLEN) for 
hybrids 
ight environments for grain yield (YLD), 
prolificacy index (PI), and days to 
the testcrossed populations and check 
Traits 
Testcrosses and 
check hvbrids 
YLD 
Me/ha 
MOIST 
% 
PI POLLEN 
davs 
Tester BSIO CO - - BSIO Testcrosses -
G2 4.60 18.2 93.9 74.3 
C4 4.61 19.3 92.8 74.6 
C6 5.98 19.4 95.9 75.3 
C8 5.25 18.5 97.6 74.1 
- Tester B77 — 
CO 4.79 19.8 98.0 74.3 
G2 5.17 19.4 105.7 74.5 
C4 5.55 20.5 109.4 75.7 
C6 5.73 21.8 104.8 76.4 
C8 6.25 19.6 108.5 75.5 
- Tester Mol7 — 
CO 6.05 18.3 94.0 73.6 
C2 6.13 17.8 93.7 73.0 
C4 6.56 18.4 102.0 73.2 
C6 6.97 19.4 102.5 73.9 
C8 7.16 18.1 99.1 73.0 
Tester BSll CO - - BSll Testcrosses -
C2 ' 5.43 20.5 98.8 76.1 
C4 5.10 21.2 97.5 76.2 
C6 5.92 20.4 100.6 75.6 
C8 6.16 21.5 94.7 76.6 
- Tester B79 — 
CO 5.84 21.7 101.5 75.7 
C2 6.58 20.4 104.0 75.0 
C4 6.24 20.7 99.7 75.9 
C6 5.72 20.7 101.9 75.9 
C8 6.77 21.3 104.2 75.4 
- Tester B73 — 
CO 6.69 19.7 100.4 75.0 
C2 7.12 19.9 101.9 73.8 
C4 7.07 19.7 104.2 74.9 
C6 7.05 19.2 103.4 74.0 
C8 7.93 20.7 113.5 74.3 
LSD 0.05 0.58 1.0 8.4 0.8 
LSD 0.01 0.76 1.3 11.1 1.2 
- Hybrid checks -
B73 X Mol7 7.83 19.5 96.9 74.5 
B77 X Mol7 6.07 19.6 105.2 74.2 
B73 X B79 7.08 20.6 104.5 75.4 
LSD 0.05 0.66 1.3 8.0 0.8 
LSD 0.01 0.89 1.7 11.1 1.1 
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Table 5. Means averaged over eight environments for stalk (STKLG) and 
root (RTLG) lodging, dropped ears (DEARS), and ear height 
(EARH) for the testcrossed populations and hybrid checks 
Traits 
Testcrosses and 
hybrid checks 
STKLG RTLG 
% 
DEARS EARH 
cm 
- Tester BSIO CO - - BSIO Testcrosses -
C2 21.7 2.1 0.9 115.3 
C4 20.5 3.7 1.3 120.7 
C6 21.0 4.1 0.8 120.3 
C8 18.3 4.9 0.8 113.2 
Tester B77 
CO 20.7 1.2 1.4 116.2 
C2 22.8 1.5 1.9 119.1 
C4 18.7 2.2 2.3 119.9 
C6 14.5 1.9 1.0 116.5 
G8 15.0 3.0 1.2 114.6 
— Tester Mol7 — 
CO 12.4 0.6 1.4 110.2 
C2 15.6 0.5 0.8 115.2 
C4 12,9 0.1 0.8 114.7 
C6 12.0 1.1 0.8 111.8 
C8 8.2 1.1 0.7 104.9 
- Tester BSll CO - - BSll testcrosses -
C2 18.9 4.8 0.4 120.8 
C4 21.7 5.9 0.6 119.8 
C6 17.4 6.5 1.2 124.3 
C8 13.9 4.8 0.8 125.9 
--- Tester B79 -- -
CO 21.6 6.4 0.7 123.1 
C2 18.9 4.8 0.7 120.2 
C4 17.1 7.5 0.5 121.7 
C6 20.4 5.1 0.8 119.6 
C8 16.1 3.8 0.6 122.8 
— Tester B73 — 
CO 15.4 4.0 0.5 119.7 
G2 12.4 6.1 0.8 117.4 
C4 10.3 4.9 1.0 123.6 
C6 9.1 5.2 1.3 116.1 
C8 11.1 2.3 0.5 127.2 
LSD 0.05 5.5 3.5 1.0 6.3 
LSD 0.01 7.2 4.6 1.3 8.4 
- Hybrid Checks -
B73 X Mol7 3.5 4.0 1.0 117.3 
B77 X Mol7 10.7 0.0 1.9 104.7 
B73 X B79 10.2 3.3 0.6 121.5 
LSD 0.05 5.8 3.6 1.1 5.7 
LSD 0.01 7.8 4.8 1.4 7.9 
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Table 6. Direct and indirect responses* per cycle (%) of selection 
to full-sib reciprocal recurrent selection for the traits 
emphasized during selection and for which differences between 
original and selected strains were detected 
Populations and crosses 
Traitb BSIO BSIO X BSll BSll 
Noninbred 
YLD 2.95 7.55 1.64 
MOIST -0.76 -0.64 -0.89 
PI 10.09 3.27 2.69 
STKLG -4.38 -5.50 -5.51 
RTLG -- -10.21 
POLLEN -0.03 # -0.23 
EARH -- 0.46 -1.09 
Inbred 
YLD 5.41 6.91 5.81 
MOIST -0.06 -- -0.00° 
PI 4.40 4.22 8.60 
STKLG -4.87 -5.28 
POLLEN 0.18 0.02 -0.13 
EARH -- 0.64 # 
RTLG -- # 
D^irect responses were measured on the population cross and 
indirect responses were measured on the population themselves. 
Responses per cycle were expressed by the linear coefficient as a 
percentage of the intercept whenever the quadratic term and lack-of-fit 
were not significant. Otherwise, responses per cycle were calculated 
as [(C8 - GO) X 100]/[8 x (GO)], where C8 and CO represent the means of 
the cycle 8 and cycle 0 populations. 
See Table 1 for trait designations. 
°No significant differences were detected. 
Actual value was close to zero. 
D^ifferences among strains seem to be random fluctuations. 
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noninbred populations were 2:1 and 4:1 in BSIO and BSll, respectively. 
The analyses of variance combined over environments are included in 
Tables 7 and 8. For grain yield, the entry x environment interaction 
mean squares of the populations themselves and their crosses were not 
statistically significant regardless of the inbreeding level. However, 
the testcrossed populations showed significant (P < 0.05) and highly 
significant (P < 0.01) entry x environment interactions in many 
instances (Table 7). The interaction with environment was significant 
(P < 0.01) for the BSIO testcrosses with line B77 and for BSll 
testcrosses with BSllCO and B73 (P < 0.05). Entry x environment 
interaction also was significant for grain moisture, stalk and root 
lodging, and ear height. No interaction was detected for dropped ears, 
days to anthesis, and prolificacy index (Table 7). 
The original and selected strains of BSIO showed differences in 
grain yield and moisture, prolificacy index, and days to anthesis (P < 
0.01) and stalk lodging (P < 0.05) (Table 8). The original and selected 
strains of BSll were statistically different for all traits (P < 0.01) 
but percentage of dropped ears. Differences in grain yield and 
moisture, stalk lodging, prolificacy index, and ear height (P < 0.01) 
and days to anthesis (P < 0.05) were detected among noninbred strains of 
the BSIO X BSll crosses. 
The inbred strains of population BSIO were significantly different 
for grain yield and moisture, prolificacy index, and days to anthesis (P 
< 0.01) and stalk and root lodging (P < 0.05) (Table 8). Differences in 
grain yield and moisture, prolificacy index, days to anthesis, and ear 
Table 7. Mean squares for the partition of entry x environment 
interaction for the combined analysis for eight traits 
Mean squares for traits* 
Source of variation df YLD MOIST STKLG 
ENTRY X ENVIRONMENT 441 109 .27** 3 .57** 89 .41** 
a) Target populations 399 107 .36** 3 .22** 87 .82** 
al) Noninbred populations 98 59 . 00ns 3 .14* 86 .93** 
all) BSIO 28 56 . 22ns 5 .29** 104 .14* 
al2) BSll 28 53 . 97ns 3 . 11ns 92 .68* 
al3) BSIO X BSll 28 62 . 10ns 0 . 67ns 87 .27* 
al4) Remainder 14 68 .43ns 1 . 98ns 40 . 36ns 
a2) Inbred populations 98 46 . 13ns 3 .38** 62 . 39ns 
a21) BSIO 28 33 .06ns 2 .98ns 107 .73** 
a22) BSll 28 47 . 30ns 3 .47ns 40 . 08ns 
a23) BSIO X BSll 28 49 . 62ns 3 . 03ns 58 . 90ns 
a24) Remainder 14 62 .93ns 4 .68* 23 .22ns 
a3) Testcrossed populations 189 103 . 75** 2, .92* 93, .12** 
a31) BSIO Testcrosses 91 90 . 14** 2, .77ns 77, .50* 
a311) Tester BSIO CO 21 68 . 93ns 1, .53ns 45, .00ns 
a312) Tester B77 28 107 , 47** 3, 58* 64, .27ns 
a313) Tester Mol7 28 64 , 33ns 1, ,93ns 51, .34ns 
a314) Remainder 14 138, ,92** 4, 67* 205. ,02** 
a32) BSll Testcrosses 91 82 .11* 3, 01* 91, ,65** 
a321) Tester BSll CO 21 97 .69* 2, ,62ns 55, ,33ns 
a322) Tester B79 28 37, .61ns 2. , 53ns 109. ,14** 
a323) Tester B73 28 102, .63* 2. 80ns 37. , 54ns 
a324) Remainder 14 106, ,68* 4. 99** 219. ,47** 
a33) BSIO vs BSll tester. 7 526. ,03** 3. 78ns 315. 01** 
a4) Remainder 14 923, ,33** 6. 86** 200. 42** 
b) Check populations 35 127, 11** 4. 56** 99. 36** 
bl) Single crosses 14 74. 52ns 2. 74ns 176. 72** 
b2) Selfed single crosses 14 93. 85ns 4. 77* 46. 42ns 
b3) Remainder 7 298. 80** 7. 80** 50. 51ns 
c) Target vs ckeck populations 7 128. 88* 17. 99** 130. 44* 
POOLED EFFECTIVE ERRORS 60. 94 2. 38 56. 60 
*See Table 1 for designation of traits. 
All sources of variation in the table refer to the interaction 
with environment. 
D^egrees of freedom for the effective pooled errors are 853 (YLD), 
924 (MOIST and RTLG), 840 (STKLG), 882 (DEARS), 441 (POLLEN and EARH), 
and 458 (PI). 
Significant at 0.05 level. 
Significant at 0.01 level. 
"^ Nonsignificant. 
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df Mean squares for traits 
RTLG DEARS POLLEN EARH PI 
33 .86** 2 . 66ns 
33 .44** 2 . 59ns 
30 .16** 2 . 31ns 
26 . 62ns 3 .86* 
34.11* 1 . 58ns 
33 .57* 1 . 60ns 
23 . 24ns 2 .09ns 
23 .46ns 2 . 23ns 
16 .58ns 1 . 75ns 
16 . 10ns 1 . 33ns 
34 .28* 2, .35ns 
30.29ns 4 .79* 
37 .85** 2, .85ns 
12 . 17ns 3, .72** 
15 . 86ns 1, .04ns 
13 . 11ns 5, .37** 
3 ,47ns 2, 05ns 
22 , 13ns 7, ,76** 
53 .15** 1, ,79ns 
26 . 24ns 1, ,83ns 
41, .93** 1. ,89ns 
27, .61ns 2. , 14ns 
167, .03** 0. , 83ns 
172, 80** 5.43* 
66, ,74** 3. 40ns 
37, 30** 3. 35ns 
56, 04** 3. 38ns 
27.49ns 2. 74ns 
19. ,46ns 4. 49ns 
40. ,40ns 3. 48ns 
20. 53 2. 60 
189 1.47ns 
171 1.49ns 
42 1.70ns 
12 1.82ns 
12 1.93ns 
12 0.98ns 
6 2.47ns 
42 1.67ns 
12 1.80ns 
12 2.95* 
12 0.78ns 
6 0.62ns 
81 1.16ns 
39 1.17ns 
9 0.19ns 
12 0.51ns 
12 1.23ns 
6 3.82* 
39 1.17ns 
9 0.44ns 
12 0.75ns 
12 0.62ns 
6 4.17* 
3 0.91ns 
6 3.38ns 
15 0.77ns 
6 0.19ns 
6 1.16ns 
3 1.17ns 
3 3.82ns 
1.43 
54 .10** 115 . 78ns 
54 .81** 119 . 06ns 
59 . 92** 70 . 52ns 
99 .51** 94 . 62ns 
51.15ns 40 . 85ns 
21 . 39ns 58.46ns 
75 .38* 105 . 74ns 
40.34ns 130 .49ns 
48 . 74ns 118 . 84ns 
36, .38ns 234 .14* 
37 . 36ns 58 .93ns 
37.46ns 89 . 64ns 
60, 44** 106 . 63ns 
67, ,60** 87, .35ns 
39, 23ns 77, .96ns 
34, .88ns 109, ,22ns 
45, .62ns 45, .78ns 
219. 59** 140, ,84ns 
55, ,06* 106, ,44ns 
41. . 52ns 53, ,26ns 
68. 26* 106. , 15ns 
21. 27ns 117. , 84ns 
116. 55** 163. 99ns 
37. 32ns 359. 79* 
44. 10ns 546. 58** 
43. 25ns 84. 94ns 
40. 63ns 64. 82ns 
53. 74ns 60. 69ns 
27. 50ns 173. 67ns 
68. 23ns 83. 09ns 
34. 30 125. 07 
Table 8. Combined analysis of variance over environments for eight 
traits 
Mean squares for traits®' 
Source of variation df YLD MOIST STKLG 
ENVIRONMENT 7b 73965.85 1934.75 6867 .89 
ENTRIES 63 5209.32** 29.58** 487 .78** 
a)Target populations 57 5043.52** 31.00** 380 .16** 
al) Noninbred populations 14 1630.32** 40.28** 374 .44** 
all)BSlO 4 592.62** 63.80** 403 .11* 
linear 1 1923.83** 9.48ns 949 .23** 
quadratic 1 255.68* 0.00ns 2 . 84ns 
lack of fit 2 95.48ns 122.85** 330 . 18ns 
al2)BSll 4 237.91* 45.32** 379 .82** 
linear 1 619.21** 44.63** 1158 .96** 
quadratic 1 64.57ns 105.30** 219 . 87ns 
lack of fit 2 133.94ns 15.67* 70 . 23ns 
al3)BS10 X BSll 4 2503.54** 9.68** 378 .82** 
linear 1 9442.62** 13.82* 1494 .01** 
quadratic 1 7.74ns 9.07ns 1, .10ns 
lack of fit 2 281.88* 7.90ns 10, .09ns 
al4)Remainder 2 4744.11** 44.36** 297 ,57** 
a2) Inbred populations 14 742.82** 24.89** 266. ,07** 
a21) BSIO 4 384.44** 28.15** 338. ,73* 
linear 1 1524.10** 15.30** 960.00** 
quadratic 1 1.31ns 0.15ns 75. 24ns 
lack of fit 2 6.18ns 48.57** 159. 84ns 
a22) BSll 4 595,52** 13.67** 93. 79ns 
linear 1 1833,20** 2.83ns 46. 73ns 
quadratic 1 127.90ns 27.94** 64. 57ns 
lack of fit 2 210.40ns 11.95* 131. 93ns 
a23) BSIO X BSll 4 935.72** 1.85ns 257. 62** 
linear 1 3479.30** 4.37ns 976. 87** 
quadratic 1 53.76ns 2.68ns 0. 05ns 
lack of fit 2 104.91ns 0.18ns 26. 78ns 
a24)Remainder 2 1368.36** 86.88** 428. 18** 
S^ee Table 1 for designation of traits. 
N^umber of degrees of freedom for POLLEN, EARH, and PI is 3. 
Significant at 0.05 level. 
S^ignificant at 0.01 level. 
"^ Nonsignificant. 
Mean squares for traits 
RTLG DEARS POLLEN EARH PI 
876.83 188.76 5474.3 52704 .86 35404 .47 
122.88** 3.55ns 26.90** 600 .01** 1616 .61** 
123.53** 3.28ns 26.97** 518 .16** 1548 .95** 
168.52ns 3.18ns 14.71** 297 .58** 1178 .70** 
56.55ns 5.82ns 24.15** 226 . 29ns 1559 .54** 
8.32ns 0.11ns 14.28** 51 . 80ns 4695.00** 
5.17ns 0.06ns 0.00ns 213 . 84ns 11 .99ns 
106.34** 11.55ns 41.16** 319 . 62ns 765 .59* 
315.63** 1.50ns 13.49** 461.45** 751 .62** 
1229.89** 1.73ns 10.09** 1131 .17** 2970 .08** 
9.17ns 1.31ns 12.05** 339 .18** 0.08ns 
11.72ns 1.47ns 15.91** 187 . 73ns 18 .17ns 
67.39ns 3.44ns 3.49* 132 .65** 1436 .14** 
20.36ns 0.07ns 4.33ns 143 .69* 4721 .31** 
7 8.40ns 3.60ns 0.55ns 208 .39* 335 . 19ns 
85.40ns 5.04ns 4.54ns 89 . 26ns 344 . 03ns 
300.48* 0.74ns 20.71** 442 .27* 756, .29* 
99.84** 1.30ns 9.70** 93 .31** 1809, ,90** 
59.26* 0.68ns 4.94** 59, ,72ns 1022, ,66** 
76.95ns 0.10ns 9.58** 14, ,45ns 2724, ,63** 
71.60ns 2,47ns 0.58ns 115, ,04ns 47. , 57ns 
44.25ns 0.07ns 4.79ns 54. , 69ns 659. 23* 
27.29ns 1.18ns 8.26** 122. 21** 2860. 85** 
25.74ns 1.84ns 3.67ns 24. 19ns 8649. 61** 
13.92ns 1.71ns 16.97* 135. 86ns 2225. 06** 
34.75ns 0.57ns 6.19ns 164. 39* 284. 37ns 
145.16** 1.19ns 3.54* 94. 54* 1462. 44** 
100.23ns 0.15ns 1.08ns 223. 42* 5128. 67** 
12.61ns 2.37ns 5.79* 127. 89ns 15. 30ns 
233.90** 1.11ns 3.65ns 13.42ns 352. 63ns 
235.42** 3.01ns 34.44** 100. 22ns 1977. 64** 
Table 8 (continued) 
Mean squares for traits 
Source of variation df YLD MOIST STKLG 
a3) Testcrossed Populations 27 1712 .16** 31.18** 427 .89** 
aSl) BSIO 1 Testcrosses 13 1625 . 94** 28.62** 468 .63** 
aSll) Tester BSIO CO 3 1022 .60** 7.84* 51 . 14ns 
linear 1 1319 .70** 1.00ns 110 . 59ns 
quadratic 1 320.84* 22.52** 14 . 88ns 
lack of fit 1 1427 .26** 0.02ns 27 . 94ns 
a312) Tester B77 4 734 .71** 23.43** 308 .70** 
linear 1 2891 .90** 8.66ns 927 .87** 
quadratic 1 1 . 20ns 21.30* 21 . 76ns 
lack of fit 2 22 . 87ns 31,87** 142 . 57ns 
a313) Tester Mol7 4 584 .27** 9.47** 171 .83* 
linear 1 2252 .78** 3,83ns 355 .75* 
quadratic 1 6 .77ns 3,07ns 258 .30* 
lack of fit 2 38, .77ns 15.49* 36 . 63ns 
a314) Remainder 2 6396, .73** 108.49** 2008 .33** 
a32) BSll Testcrosses 13 1418, ,77** 12.80** 413, .50** 
a321) Tester BSll CO 3 544, ,30** 7.49* 253, ,95** 
linear 1 1086, ,31** 6.07ns 445, .25** 
quadratic 1 189, ,00ns 0.63ns 239, .08* 
lack of fit 1 357, ,59ns 15.77* 77, .52ns 
a322) Tester B79 4 497. ,18** 6.42* 121, ,07ns 
linear 1 234.63* 0.49ns 209, ,25ns 
quadratic 1 30. 42ns 19.24** 5, , 48ns 
lack of fit 2 861. ,82** 2.98ns 134, , 77ns 
a323) Tester B73 4 501, ,00** 7.03* 141, ,13* 
linear 1 1391. 05** 4.37ns 344. 16* 
quadratic 1 147. 47ns 8.49ns 206. 49ns 
lack of fit 2 232. 73ns 7.63ns 6. 94ns 
a324) Remainder 2 6409. 22** 45.07** 1782. 42** 
a33) BSIO TC vs BSll TC 1 6647. 15* 303.35** 85. 50ns 
a4) Remainder 2 104014. 34** 6.31ns 576. 36ns 
b) Check populations 5 7824. 27** 19.35** 256. 86* 
bl) Single ( crosses 2 1884. 92** 7.70* 381. 77ns 
b2) Selfed single crosses 2 1136. 50** 40.03** 245. 26** 
b3) Remainder 1 33078. 51** 1.27ns 30. 25ns 
c) Target vs check popns. 1 1585. 00** 0.21ns 7588. 07** 
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Mean squares for traits 
RTLG DEARS POLLEN EARH PI 
105.2&** 4.36* 13.08** 291.41** 304.97** 
50.47** 5.36ns 12.81** 224.36** 384.65** 
33.52ns 1.14ns 3.36ns 165.63** 54.62ns 
92.66* 0.72ns 0.03ns 28.57ns 119.29ns 
3.05ns 0.96ns 6.53* 468.00** 26.11ns 
4.86ns 1.73ns 3.53ns 0.32ns 18.45ns 
11.87ns 7.01ns 8.73** 56.92ns 241.16ns 
39.37ns 3.83ns 20.92** 39.71ns 482.40* 
0.43ns 9.17ns 5.91* 161.64* 223.56ns 
3.85ns 7.53ns 4.06ns 13.16ns 129.34ns 
4.22ns 1.86ns 2.11ns 206.11** 215.05ns 
6.34ns 4.37ns 0.11ns 229.61** 438.92ns 
4.39ns 1.47ns 0.01ns 588.71** 167.40ns 
3.09ns 0.79ns 4.16ns 3.06ns 126.95ns 
245.60** 15.39ns 56.51** 683.81ns 1505.89* 
40.45ns 1.66ns 8.81** 115.57* 221.89ns 
17.98ns 2.41ns 2.05ns 99.65ns 72.93ns 
0.30ns 2.79ns 0.94ns 235.94** 51.34ns 
50.46ns 2.34ns 2.17ns 20.51ns 62.11ns 
3.17ns 2.11ns 3.04ns 42.49ns 52.67ns 
48.58ns 0.23ns 1.77ns 29.28ns 42.96ns 
58.51ns 0.02ns 0.19ns 1.89ns 12.29ns 
30.78ns 0.11ns 0.26ns 64.88ns 32.42ns 
52.51ns 0.38ns 3.32ns 25.17ns 63.56ns 
49.58* 2.96ns 3.41ns 247.61** 314.71* 
43.35ns 0.36ns 1.32ns 220.85* 914.11** 
123.86* 7.12ns 0.77ns 145.14* 171.62ns 
15.54ns 2.17ns 5.76* 312.23** 86.55ns 
39.77ns 0.83ns 43.81* 47.99ns 617.54** 
1660.37* 26.40ns 72.15** 3449.09** 349.33ns 
220.95ns 3.44ns 421.26** 8097.33** 19107.76** 
67.29ns 6.09ns 31.13** 1023.72** 2283.22** 
116.40ns 10.94ns 5.05* 910.20** 250.91ns 
50.74ns 3.65ns 23.77** 352.91** 1726.99** 
2.18ns 0.86ns 98.00** 2592.36** 7460.31** 
363.69** 6.55ns 2.22ns 3146.79** 2140.22** 
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height (P < 0.01) were detected among inbred strains of population 
BSll. Inbred strains of BSIO x BSll differed for grain yield, 
prolificacy index, root and stalk lodging (P < 0.01), days to anthesis, 
and ear height (P < 0.05). 
The performance of BSIO testcrosses also was analyzed. Depending 
upon the tester used, significant differences among testcrosses included 
grain yield and moisture, prolificacy index, stalk and root lodging, 
days to anthesis, and ear height. No differences in dropped ears were 
detected. Depending on the tester used, differences among testcrosses 
of BSll strains were detected for grain yield and moisture, stalk and 
root lodging, prolificacy index, and ear height. 
To characterize the type of response to selection, two regression 
models were fitted whenever differences among original and selected 
strains were detected (Table 6). The estimates of the regression 
coefficients, their standard errors, and the R of the fitted models are 
presented in Tables 9 to 14. In several instances, the variability 
among original and selected strains of the populations for certain 
traits was not accounted for by the regression models, especially for 
those traits that were not directly included in the selection program. 
In other instances, despite the significance of the sequencial F-tests, 
the standard errors were large in comparison with the estimate of their 
respective parameter. Inconsistency between sequential and partial 
F-test could be attributed to multicollinearity (Steel and Torrie, 
1980). 
The direct response to full-sib reciprocal recurrent selection for 
53 
Table 9. Least square estimates of response to full-sib reciprocal 
recurrent selection and their respective standard errors for 
grain yield (YLD), grain moisture (MOIST), prolificacy index 
(PI), and days to anthesis (POLLEN) for the noninbred 
populations and their crosses 
Populations and Crosses 
Trait Parameter BSIO BSIO X BSll BSll 
YLD 
Mg ha"^  bQ 4.06 + 0.15 4.78 + 0.12 4.87 + 0.12 
bi 0.32 t 0.09 0.31 + 0.03 0.08 + 0.03 
b2 -0.02 + 0.01 ---^  - - -
0.92 0.94# 0.64 
MOIST 
% bp --- 20.10 + 0.24 22.34+0.30 
b^ --- -0.13 + 0.05 -1.36 + 0.18 
1^ 2 - - - - - - 0.14 + 0.02 
--- 0.38 0.83# 
PI 
bo 84.12+2.50 95.82+2.50 92.38+2.50 
bj^  8.49 + 0.51 3.13 + 0.51 2.49 + 0.51 
t) 2 — - — - " - - -
0.75# 0.82 0.99 
POLLEN 
days bo 74.68 + 0.27 --- 76.99 + 0.32 
b]^  0.18 + 0.05 --- -0.67 + 0.19 
-- - --- 0.07 + 0.02 
R ^ 0.15# --- 0.40# 
P^arameter was not significant (P < 0,05) 
*Lack-of-fit was significant. 
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Table 10. Least square estimates of response to full-sib reciprocal 
recurrent selection and their respective standard errors for 
stalk (STKLG) and root (RTLG) lodging, and ear height (EARH) 
for the noninbred populations and their crosses 
Populations and crosses 
Trait Parameter BSIO BSIO X BSll BSll 
STKLG 
% bg 22.56 + 1.61 22.74 + 1.48 19.94 + 1.52 
-0.99 + 0.33 -1.25 + 0.30 -1.1 + 0.31 
V. " a Dg - - - - - - - --
0.59 0.99 0.76 
RTLG 
% bg --- - -- 11.06 + 0.92 
b^  - -- --- -1.13 + 0.19 
2^ — — — — — — — 
R^  -- - - - - 0.97 
EARH 
cm • bg --- 120.87 + 1.59 127.09 + 1.59 
bj^  — -1.68 + 0.94 -4.38 + 0.94 
bg --- 0.28 t 0.11 0.36 + 0.11 
R ^  - - -  0 . 6 6  0 . 8 0 #  
P^arameter was not significant. 
L^ack-of-fit was significant. 
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Table 11. Least squares estimates of response to full-sib reciprocal 
recurrent selection and their respective standard errors for 
grain yield (YLD), grain moisture (MOIST), prolificacy index 
and days to anthesis (POLLEN), for the inbred populations 
and their crosses 
Populations and crosses 
Trait Parameter BSIO BSIO X BSll BSll 
YLD 
Mg ha"^  bo 2.40 + 0.12 2.75 + 0.12 2.41 + 0.12 
b, 0,13 + 0.03 0.19 + 0.03 0.14 + 0.03 
•L - a 
MOIST 
b2 
R2 0.99 0.93 0.77 
% bp 18.18 + 0.24 --- 20.91 + 0.30 
hi 0.13 + 0.05 --- -0.62 + 0.18 
b2 — - - - 0.07 + 0,02 
0.15# --- 0.57# 
PI 
bo 76.38+2.50 77.80+2.50 55.15+3.04 
hi 2.38 + 0.51 3.28 + 0.51 11.54 + 1.80 
1^ 2 --- - - - -0.91 + 0.22 
0.67# 0.88 0.95 
POLLEN 
days bo 76.40 + 0.27 75.91 + 0.32 79.32 + 0.32 
b^  0.14 + 0.05 0.34 + 0.19 -0.73 + 0.19 
b2 --- -0.05 +0.02 0.08 + 0.02 
0.45 0.52 0.64 
_ 
Parameter was not significant. 
L^ack-of-fit was significant. 
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Table 12. Least squares estimates of response to full-sib reciprocal 
recurrent selection and their respective standard errors for 
stalk (STKLG) and root (RTLG) lodging and ear height (EARH) 
for the inbred base populations and their crosses 
Populations 
Trait Parameter BSIO BSIO X BSll BSll 
STKLG 
% bo 20.72 +1.64 19.12+1.19 
b^  -1.01 + 0.33 -1.01 + 0.24 
b 2 - - - - - -
R2 0.71 0.95 
RTLG 
% IJQ - - - - - -
1^ 2 - - - - - -
— — — — — — 
EARH 
cm bg — 105.98 + 1.31 
— 0.68 + 0,27 
b2 - - - - - -
R2 --- 0.59 
Parameter was not significant. 
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Table 13. Least squares estimates of response to full-sib reciprocal 
recurrent selection and their respective standard errors for 
grain yield (YLD), grain moisture (MOIST), and prolificacy 
index (PI) for the population testcrosses 
Traits 
Tester Parameter Grain yield 
Mg ha'l 
Grain moisture 
% 
Prolificacy 
index 
BSIO CO 3.36 + 0.44 
0.63 t 0.20 
•0.05 + 0.02 
• BSIO Testcrosses 
16.10 + 0 .88 
1.30 + 0.40 
-0.13 + 0.04 
0.53# 1,00  
B77 4.80 + 0.16 
0.17 + 0.03 
19.82 + 0.30 
0 .10  +  0 .06  
0.98 0.32# 
Mol7 5.96 + 0.12 
0.15 + 0.03 
R' 0.96 
BSll CO 
r2 
4.90 + 0.25 
0.15 + 0.05 
0 . 6 6  
BSll Testcrosses 
B79 6.30 + 0.12 
0.05 + 0.03 
21.56 t 0.30 
-0.53 t 0.18 
0 . 0 6  +  0 . 0 2  
R^  0.12# 0 . 8 1  
B73 
R 
6.69 + 0.16 
0.12 + 0.03 
0.70 
99.14 + 2.50 
1.39 + 0.51 
0.73 
Parameter was not significant. 
L^ack-of-fit was significant. 
Table 14. Least squares estimates of response to full-sib reciprocal recurrent selection and their 
respective standard errors for stalk (STKLG) and root (RTLG) lodging, days to anthesis 
(POLLEN), and ear height (EARH) for the population testcrosses 
Traits 
Tester Parameter STKLG RTLG POLLEN 
days 
EARH 
cm 
BSIO CO 
B77 
Mol7 
BSll GO 
B73 
V 
'V 
'0 
V 
V 
'0 
V 
22.28 t 1.19 
-0.99 + 0.24 
0.75 
12.88 + 1.45 
1.14 + 0.86 
-0.22 + 0.10 
0.89 
14.93 + 4.28 
2.97 + 1.95 
-0.39 + 0.19 
0.90 
14.04 t 1.19 
-0.60 t 0.24 
0.61 
BSIO Testcrosses 
1.50 t 
0.44 + 
1.13 
0.21 
0.93 
72.68 + 0 
0.94 t 0 
-0.09 + 0 
0.68 
74.03 + 0 
0 .60  +  0  
-0.05 t 0 
0.78 
BSll Testcrosses 
.96 103.48 t 4.71 
.44 7.46 t 2.15 
.04 -0.78 + 0.21 
1,00 
.32 M W » 
M9 - - -
1.02 ::: 
110.37 t 1.59 
3.05 t 0.94 
-0.47 + 0.11 
0.99 
119.93 + 1.51 
-1.18 + 0.94 
0.23 + 0.11 
0.37 
P^arameter was not significant. 
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grain yield can be described by a linear model which accounted for by 
94% and 93% of the total variability among cycles of the noninbred and 
Inbred population crosses, respectively (Figures 1 and 2). Lack-of-fit, 
however, was significant for the noninbred interpopulation crosses (P < 
0.05). Although the addition of quadratic and cubic terms to the model 
9 
resulted in nonsignificant lack-of-fit, their effect on R had minor 
importance. The quadratic mean square was nonsignificant and a cubic 
term is meaningless for a medium-term selection program. Expressed as a 
percentage of the estimated intercept, the rate of direct response per 
cycle of selection was 6.48% and 6.90% for the noninbred and inbred 
population crosses, respectively. 
BSIO populations showed increasing yields over cycles of selection. 
The model that included the linear and quadratic terras accounted for 92% 
of the total variation for the observed grain yield means. The mean 
yields of the inbred original and selected strains of BSIO fitted a 
linear model, which accounted for 99% of the total variation. Expressed 
as percentages of the intercept estimates, the linear coefficients were 
7.84% (noninbred strains) and 5.25% (inbred strains). The quadratic 
term was significant for the noninbred strains. 
BSll populations also showed an increase in grain yield over cycles 
of selection. The two linear regression models fitted to the mean grain 
yields of noninbred and inbred strains accounted for 64% and 77%, 
respectively, of the total variation among cycles of selection. 
Expressed as a percentage of the intercept estimate, the linear 
regression coefficients were 1.64% for the noninbred and 5.81% for the 
grain yield, Mg/ha 
8r 
0 
BS10 X BS11 
4 
cycles 
6 
• 
BS10 
a\ 
o 
8 
Figure I. I'cogiess for grain yield with full-sib reciprocal recurrent selection observed in the 
liSlO (dots) and USll (triangles) populations, and their interpopulation cross (squares) 
(noninbred strains) over eight environments. 
grain yield, Mg/ha 
BS10 X BS11 
BS11 
8810 
8 6 4 2 0 
cycles 
Figure 2. Progress for grain yield with full-sib reciprocal recurrent selection observed in the 
BSIO (dots) and BSll (triangles) populations, and their interpopulation cross (squares) 
(inbred strains) over eight environments 
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Inbred strains. 
The linear regression models for grain yield of BSIO testcrosses to 
B77 and Mol7 accounted for 98% (B77) and 96% (Mol7) of the total 
variation among cycles of selection (Figure 3). The rates of response, 
expressed as a percentage of the intercept, were 3.62% and 2.57% for B77 
and Mol7, respectively. When the original base population was used as 
tester, a model that included a linear and quadratic terms explained 53% 
of the total variation and the lack-of-fit was significant. 
The regression models fitted to the grain yield data of the BSll 
testcrosses accounted for a smaller fraction of the total variance 
(Table 13). For tester B79, was only 12% (lack-of-fit was 
significant). R was 66 and 69%, respectively, when the original 
population or B73 were used as testers. 
In addition to grain yield, prolificacy, grain moisture, and 
standability were emphasized during the selection program. All the 
changes due to selection were in the desired direction. The prolificacy 
of the populations themselves and the interpopulation cross increased, 
while grain moisture tended either to remain unchanged or to decrease 
slightly. A linear decrease in stalk lodging also occurred over cycles 
of selection. Approximately 1% reduction in stalk lodging in the 
populations themselves and 1.25% reduction in the population crosses 
occurred per cycle of selection. Root lodging seems to have decreased 
only in BSll, at an approximate rate of 1% per cycle (Tables 10 and 
11). This trait remained unchanged in both BSIO and the crossed 
populations. Dropped ears remained unchanged in all cases. The 
grain yield, Mg/lia 
W: B77 • MQ17 
cycles 
0 B79 o B73 
w 
Figure 3. Progress for grain yield with full-sib reciprocal recurrent selection observed in the 
BSIO testcrosses (continuous line) to inbred lines B77 and Mol7, and BSll testcrosses 
(dotted line) to inbred lines B73 and B79, over eight environments 
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occurrence of dropped ears was extremely low in all environments. 
Correlated responses to selection were also observed for days to 
anthesis and ear height in some instances. Days to anthesis remained 
unchanged in the cross population. However, changes in opposite 
direction were observed in BSIO and BSll. Ear height of the population 
cross tended to decrease as well as that of BSll. 
Estimates of midparent and high parent heterosis are reported in 
Tables 15 and 16. Estimates of inbreeding depression are presented in 
Tables 17 to 20. Inbreeding depression was found significant (P < 0.01) 
for grain yield, prolificacy, stalk lodging, days to anthesis, and ear 
height (Table 17). The grain yield rates of inbreeding depression were 
similar to those reported by Hallauer and Miranda Filho (1988) (Table 
20). 
The Pearson's linear correlation coefficients for the eight traits 
evaluated are reported in Table 21. A positive and significant 
correlation (P < 0.01) was detected between grain yield and prolificacy 
index for the populations and their crosses, regardless the level of 
inbreeding.' The correlation coefficients were negative and significant 
between grain yield and prolificacy index with stalk lodging, regardless 
the level of inbreeding. These observations are consistent with the 
emphasis given to these three traits during the selection program. Root 
lodging tended to be associated with maturity-related traits, such as 
grain moisture and days to anthesis. For the inbred populations, stalk 
lodging showed negative and significant correlation coefficients with 
grain moisture and days to anthesis. The positive and significant 
Table 15, Midparent and high parent heterosis, expressed in actual units, exhibited by the 
crosses of the BSIO and BSll populations for the eight traits evaluated over 
environments 
Traits^  
Population YLD MOIST PI POLLEN STKLG RTLG DEARS EARH 
crosses Q/ha % days % cm 
Midparent heterosis 
BSIO CO X BSll CO 0. 12ns -0. 35ns 2. ,90ns -0.95* 1.55ns -1. 45ns -0. 40ns -0.65ns 
BSIO C2 X BSll 02 9. 55** 0. 70ns 10. 35** 0.20ns -0.15ns -3. 15* -0. 10ns 2.00ns 
BSIO C4 X BSll 04 9. 85** -0. 10ns 3, 30ns -1.15* -1.80ns -2. ,30ns 0. 50ns 1.30ns 
BSIO C6 X BSll 06 10. 05** -0. 40ns 6 .00* -1.30** 2.85ns 0. ,45ns -0. 70ns 5.30ns 
BSIO C8 X BSll 08 21. 15** -0. 45ns 8 .25** -1.35** -2.00ns 1. 35ns 0. 05ns 12.45** 
High parent heterosis 
BSIO GO X BSll CO -2. ,70ns -1. ,70** -2 .10ns -1.80** 0.90ns -4 .20** -0. 50ns -5.80ns 
BSIO C2 X BSll 02 5. ,70* -0. ,70ns 8 .30* -0.70ns -4.40ns -6 .70** -0, 70ns -1.50ns 
BSIO C4 X BSll 04 8. 70** -0. 60ns 0 .00ns -1.50** -0.50ns ' -4 .30** 0, .40ns 0.30ns 
BSIO C6 X BSll 06 8. ,90** -1. 80** 5 .20ns -2.40** 2.00ns -0 .20ns -0 .90* 1.70ns 
BSIO C8 X BSll 08 19, 00** -1. 60** 7 .90* -1.60** -3.60ns 1 .00ns 0 .00ns 9.80** 
S^ee Table 1 for designation of traits. 
S^ignificant at the 0.05 level. 
**Significant at the 0.01 level. 
^^ Nonsignificant. 
Table 15. Estimates of midparent heterosis (H^ p^) and high-parent heterosis (H^ )^ expressed as 
percentage, observed in the crosses of BSIO and BSll for the eight traits evaluated 
over environments 
Traits* 
Population 
crosses YLD MOIST PI POLLEN STKLG RTLG DEARS EARH 
Midparent heterosis - % 
BSIO CO X BSll CO 2.53 1.66 3.31 1.24 7.26 -18.24 -36.36 -0.53 
BSIO C2 X BSll C2 20.04 3.80 10.44 0.27 -0.76 -60.00 -12.50 1.74 
BSIO C4 X BSll C4 19.79 -0.51 3.15 -1.51 6.39 -41.82 50.00 1.08 
BSIO C6 X BSll C6 18.77 -2.00 5.56 -1.71 22.71 10.11 -58.33 4.67 
BSIO C8 X BSll C8 39.70 -2.29 7.41 -1.78 -13.79 60.00 7.69 10.98 
High parent heterosis - % 
BSIO CO X BSll CO -5.49 -7.59 -2.27 -2.33 4.09 -39.25 -41.67 -4.56 
BSIO C2 X BSll G2 11.07 -3.53 8.20 -0.93 -18.33 -76.14 -50.00 -1.27 
BSIO C4 X BSll C4 17.09 -3.00 0.00 -1.96 -2.66 -57.33 36.36 0.25 
BSIO C6 X BSll C6 16.27 -8.41 4.78 -3.12 14.93 -3.92 -64.29 1.45 
BSIO C8 X BSll C8 34.17 -7.69 7.07 -2.11 -22.36 -5.26 0.00 8.45 
*See Table 1 for designation of traits. 
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Table 17. Means combined over environments and inbreeding depression 
observed in populations BSIO, BSll, and BSIO x BSll over 
cycles of selection for eight traits 
Means 
Traits Noninbred Inbred Inbreeding depression 
Grain yield, Mg ha"^  5. 34 3 .13 2 .21** 
Prolificacy Index 104. 23 85 .41 18 .82** 
Grain moisture, % 19. 68 19 .66 0 . 02ns 
Stalk lodging, % 17. 29 14, ,83 2, ,46** 
Root lodging, % 4. 74 4, .66 0, ,08ns 
Dropped ears, % 0. 91 0, .77 0. , 14ns 
An thesis, days 75. 33 77. 47 -2. 14** 
Ear height, cm 118. 12 107. 26 10. 86** 
Indicates significant at P < 0.01. 
"^ Nonsignificant. 
Table 18. Estimates of inbreeding depression in actual units for the BSIO and BSll populations 
populations and their crosses for eight traits over environments 
Traits* 
Populations YLD MOIST PI POLLEN STKLG RTLG DEARS EARH 
and crosses Mg ha~^  % days % cm 
BSIO GO 1. 76** 1. 10* 10.80** -1. 20* 1,60ns 4. 50** 0. 00ns 13,90** 
BSIO C2 1. 71** -0. 70ns 11.70** -3. 00** 4.00ns -2. ,70ns -0. 60ns 3,00ns 
BSIO C4 2. ,18** 0. 80ns 23.60** -0. , 90ns -0.40ns 0. ,70ns 0. 30ns 13.10** 
BSIO C6 2. ,15** 0. 90ns 20,60** -0. ,80ns 1.10ns 0, ,40ns 0. 50ns 11.80** 
BSIO C8 1, .69** 0. 00ns 13.90** -1, .90** 3.20ns -0. ,80ns -0. 50ns 4.50ns 
BSll CO 2, .76** 1. 60** 39,40** -2. 20** 8.40** 4, .30** 0. ,00ns 20.30** 
BSll C2 2 .07** -0. 20ns 17.30** -2, .70** 3.60ns 5 .30** 0. 80ns 9.50** 
BSll C4 1 .98** -0, 10ns 18.80** -1 .90** 2.60ns 2 .30ns 0. ,30ns 17,60** 
BSll C6 2 .22** -0. 40ns 17.10** -2 .70** -3.40ns -0 .70ns 0. ,70ns 1,90ns 
BSll C8 2 .11** 0. 00ns 21.90** -2 .80** 3.10ns -2 .40ns 0. ,00ns 6.60* 
BSIO CO X BSll GO 2 .07** 1, ,00ns 12.40** -1 .20* 4.20ns -1 .60ns 0, .20ns 17.60** 
BSIO C2 X BSll G2 2 .36** -1. ,10* 26.50** -3 ,60** 1.40ns -2 .70ns -0. 20ns 7.60* 
BSIO C4 X BSll C4 2 .37** -0, .90ns 13.00** -2 ,60** 4.10ns -2 .30ns 0, 50ns 11.30** 
BSIO C6 X BSll C6 2 .62** -0 .70ns 22.20** -2 .10** 2.10ns -3 .90* 0 ,00ns 8.50** 
BSIO C8 X BSll C8 3 .17** -0 . 90ns 13.10** -2 ,50** 1.40ns 1 ,20ns 0 ,10ns 15.70** 
S^ee Table 1 for designation of traits. 
D^ifference between SQ and Sj^  generations significant (P < 0.05). 
Difference between SQ and S^  ^ generations significant (P < 0.01). 
"^ Estimates were not significant. 
Table 19. Percentage of inbreeding depression observed in the BSIO and BSll populations and their 
crosses for the eight traits evaluated. Means used to estimate the percentage of 
inbreeding depression were the means combined over environments 
Traits* 
Populations 
and crosses 
YLD MOIST PI POLLEN STKLG RTLG DEARS EARH 
BSIO CO 42,4 5.6 13.1 -1.6 7.7 86.5 0.0 11.9 
BSIO C2 39.0 
-4.1 11.6 -4.1 16.7 -158.8 -300.0 26.9 
BSIO C4 42.8 8.3 21.8 -1.2 -2.1 20.0 27.3 10.8 
BSIO C6 41.0 4.2 19.2 -1.0 8.2 7.8 35.7 10.1 
BSIO C8 32.9 0.0 12.5 -2.5 19.9 -30.8 -83.3 4.1 
BSll CO 56.1 7.1 42.6 -2.9 38.2 40.2 0.0 16.0 
BSll C2 40.2 -1.0 17.8 -3.6 23.2 60.2 57.1 8.0 
BSll C4 40.7 -0.5 18.5 -2.5 16.7 30.7 33.3 14.8 
BSll 06 40.6 
-2.2 15.7 -3.6 -29.1 -18.4 70.0 1.7 
BSll G8 37.9 0.0 19.6 -3.7 24.0 -126.3 0.0 5.7 
BSIO CO X BSll CO 44.5 4.8 13.7 -1.6 18.3 -24.6 28.6 14.5 
BSIO C2 X BSll C2 41.3 -5.8 37.9 -4.9 7.1 -128.6 -28.6 6.5 
BSIO C4 X BSll C4 39.8 -4.6 12.0 -3.5 22.4 -71.9 33.3 9.3 
BSIO C6 X BSll C6 41.2 -3.6 19.5 -2.8 13.6 -79.6 0.0 7.2 
BSIO C8 X BSll CB 42.5 -4.7 11.0 -3.4 11.2 33.3 14.3 12.5 
*See Table 1 for designation of traits. 
Table 20. Rate of inbreeding depression observed in the BSIO and BSll populations and their 
crosses for eight traits evaluated. Means used to estimate the rates were the means 
combined over environments 
Traits* 
Populations YLD 
Mg ha'l 
MOIST 
% 
PI POLLEN 
days 
STKLG RTLG 
-- % 
DEARS EARH 
cm 
BSIO CO 0.035 0.022 0.216 -0.024 0.032 0.090 0.000 0.278 
BSIO C2 0.034 -0.014 0.234 -0.060 0.080 -0.054 -0.012 0.060 
BSIO C4 0.044 0.016 0.472 -0.018 -0.008 0.014 0.006 0.262 
BSIO C6 0.043 0.018 0.412 -0.016 0.022 0.008 0.010 0.236 
BSIO C8 0.034 0.000 0.278 -0.038 0.064 -0.016 -0.010 0.090 
BSll CO 0.055 0.032 0.788 -0.044 0.168 0.086 0.000 0.460 
BSll C2 0.041 -0.004 0.346 -0.054 0.072 0.106 0.016 0.190 
BSll C4 0.040 -0.002 0.376 -0.038 0.052 0.046 0.006 0.352 
BSll C6 0.044 -0.008 0.342 -0.054 -0.068 -0.014 0.014 0.038 
BSll C8 0.042 0.000 0.438 -0.056 0.062 -0.048 0.000 0.132 
BSIO CO X BSll CO 0.041 0.020 0.248 -0.024 0.084 -0.032 0.004 0.352 
BSIO C2 X BSll C2 0.047 -0.022 0.530 -0.072 0.028 -0.054 -0.004 0.152 
BSIO C4 X BSll C4 0.047 -0,018 0.260 -0.052 0.082 -0.046 0.010 0.226 
BSIO C6 X BSll C6 0.052 -0,014 0.444 -0.042 0.042 -0.078 0.000 0.170 
BSIO C8 X BSIO G8 0.063 -0,018 0.262 -0.050 0.028 0.024 0.002 0.314 
LSD 0.05 0.016 0.029 0.247 0.028 0.150 0.092 0.026 0.168 
LSD 0.01 0.021 0.038 0.324 0.036 0.197 0.122 0.034 0.220 
S^ee Table 1 for designation of traits. 
Table 21. Pearson's linear correlation coefficients for the traits^  evaluated over environments. 
The correlation coefficients above diagonal correspond to the noninbred populations and 
their crosses. The correlation coefficients below diagonal correspond to the inbred 
populations and their crosses 
Traits 
Traits EARH POLLEN PI . DEARS RTLG STKTiî MOIST YLD 
YLD 0.34 -0.27 0.80** -0.06 -0.25 -0.60* -0.04 - - -
MOIST 0.59* 0.84** -0.30 0.42 0.66** -0.06 0.28 
STKLG 0.16 -0.11 -0.65** -0.21 0.15 - - - -0.68** -0.53* 
RTLG 0.53* 0.58* -0.57* 0.39 -0.08 0.44 0.00 
DEARS 0.27 0.50 -0.24 -0.43 0.19 -0.15 -0.29 
PI -0.09 -0.29 -0.28 -0.13 -0.27 -0.12 0.86** 
POLLEN 0.36 
-0.47 0.13 0.14 -0.54* 0.67** -0.18 
EARH -0.10 0.44 -0.18 0.10 -0.23 0.17 0.63* 
S^ee Table 1 for designation of traits. 
*,**Parameters were significant at the 0.05 and 0.01 level, respectively (n = 15). 
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correlation between ear height and grain yield for the inbred 
populations reflects the reduction in the inbreeding depression over 
cycles of selection exhibited for these two traits. 
Discussion 
The full-sib reciprocal recurrent selection in BSIO and BSll caused 
significative changes in most of the traits that were emphasized during 
the selection program. The observed direct responses for yield and 
percentage of stalk lodging were larger than the indirect responses 
measured in the populations themselves (Table 6). The direct response 
to selection in prolificacy index should be measured in the base 
populations, rather than in the population cross, because the parents of 
the full-sib progenies were selected phenotypically from each parental 
population. For this trait, the indirect response measured in the 
population cross was intermediate to the direct responses estimated for 
the BSIO and BSll populations, which suggests additive genetic control 
for the expression of prolificacy. 
Smith (1983) reported progress of 4.3% per cycle in the population 
cross after eight cycles of half-sib reciprocal recurrent selection in 
BSSS and BSCBl. The actual genetic gains in BSSS and BSCBl were 1.9% 
and 0.6% per cycle, respectively. Moll and Hanson (1984) observed that 
the rate of grain yield improvement was 2.4% and -0.3% for 'Jarvis' and 
'Indian Chief, respectively, and 2.7% for the interpopulation cross 
after eight cycles of half-sib reciprocal recurrent selection. The 
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pattern of response observed in the full-sib reciprocal recurrent 
selection program for BSIO and BSll is similar to those for half-sib 
reciprocal recurrent selection regarding the relatively larger rate of 
direct response as compared to the rate of indirect response. 
Nevertheless, in the full-sib reciprocal recurrent selection program for 
BSIO and BSll, the changes observed in grain yield performance were 
always positive and both rates of response were larger. 
The contribution of the enhanced prolificacy index in the BSIO and 
BSll populations to the final response in grain yield was not 
quantified, although it must have been important considering that both 
traits, grain yield and prolificacy, steadily increased over cycles of 
selection and were highly correlated (Table 21). Testers BSIO CO and 
Mol7 seem to have had a strong masking effect on differences in 
prolificacy index among BSIO strains (Table 4). The original BSll 
strain and inbred line B79 also seem to have masked differences in that 
trait among selected and original strains of BSll (Table 4). The 
prolificacy of the BSIO and BSll populations and their selected strains 
may have contributed to their stability (lack of significant genotype x 
environment interaction) across environments (Prior and Russell, 1975; 
Collins et al., 1965). 
The favorable changes in the performance of S^  bulks of the 
selected strains for several traits suggest that the selection procedure 
was effective in changing gene frequencies of alleles with additive 
effects. The regression coefficients estimated to quantify the rate of 
response for grain yield in BSll per se strains and in the testcrosses 
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to BSllCO were not statistically different. Comparison between the 
regression coefficients of the rate of gain measured in BSIO per se 
strains and their testcrosses to BSIOCO was not reliable because 
lack-of-flt was significant. Thus, the mean yield of BS10C2 and BS10C8 
was compared to the mean of the respective BSIO testcrosses to BSIOCO. 
No significant differences were detected. These results suggest that 
genes with dominance effects may have contributed to the indirect 
response to selection. If mainly additive effects were Involved, the 
testcrosses with the base population should have revealed only half of 
the response found in the populations themselves. This observation 
agrees with that of Moll and Hanson (1984) for Jarvis and Indian Chief. 
Populations BSIO and BSll showed a linear increase of the 
prolificacy index and a linear rate of decrease in the percentage of 
stalk lodging. When the respective testcrosses with the base 
populations are considered, the rate of progress in prolificacy index 
was not significant. This indicates that either the trait is controlled 
by recessive favorable alleles and, consequently, alleles with dominance 
effects in the unselected population would have precluded the expression 
of recessive, favorable alleles in the selected strains, or that the 
genetic control of the trait is mainly additive and the analysis used 
was not able to detect a halved response to selection. For stalk 
lodging, the rates of response also were different and could be 
interpreted in the same manner as the results for prolificacy index. 
The full-sib reciprocal recurrent selection was efficient not only 
for improving the grain yield of the population cross, but also for 
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Improving the base populations when crossed with related and unrelated 
testers. The rate of improvement in grain yield per cycle were 3.81% 
(B77) and 2.29% (Mol7) for BSIO testcrosses, and 1.99% (B79) and 2.32% 
(B73) for BSll testcrosses. These responses indicate that the selection 
procedure took advantage of general combining ability effects. 
The heterosis (Table 16) exhibited by the population cross increased 
from 2.53% to about 40% after eight cycles of selection. The initial 
heterosis estimated in this study was lower than that reported in 
previous studies (Hallauer, 1984). A consistent increase in high-parent 
heterosis also occurred over cycles of selection. These changes in 
heterosis suggest that full-sib reciprocal recurrent selection either 
caused changes in the frequency of genes with dominant effects in a 
different set of loci for each population or selected different 
isoalleles with overdominant effects in each population. 
The percentage of inbreeding depression decreased from 42% to 33% in 
BSIO and from 56% to 38% in BSll (Table 19). The population crosses 
showed a slight decrease from 44% to 42%. The reduction in the 
inbreeding depression in BSIO and BSll measured in actual units over 
cycles of selection suggests an increased frequency of homozygotes for 
the favorable allele in the base populations. When the rate of 
inbreeding depression was considered (Lamkey and Smith, 1987), the 
population cross showed a consistent decrease for the rate of inbreeding 
depression over cycles of selection (Table 20), Since BSIO and BSll 
were conducted as closed populations, the increase of the rate of 
inbreeding depression in the population cross should be attributed to a 
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higher frequency of heterozygotes in the selected strains. Apparently, 
the procedure selected different alleles in each population. Hoegemeyer 
and Hallauer (1976) studied the performance of selected lines that 
evolved from the hybrid development phase of FSRRS in BSIO and BSll and 
concluded that the selection among and within full-sib families must 
have selected and fixed alleles in opposite lines 
Full-sib reciprocal recurrent selection seems to be an efficient 
procedure to improve yield performance and other important agronomic 
traits, such as standability and prolificacy. Prolificacy has been 
suggested as a desirable feature under sub-optimal environmental 
conditions. The use of a mental index of selection, during the first 
six cycles, and the selection index suggested by Smith et al. (1981), 
after cycle six, has been efficient in maintaining or even improving 
standability at the same time that both prolificacy index and grain 
yield increased. The base populations became more suitable sources of 
inbred lines which would be potentially more vigorous and with better 
general and specific combining ability with the counterpart population 
as well as with representative lines of the Reid Yellow Dent and 
Lancaster Sure Crop heterotic pattern. Dominance gene action seems to 
have played an important role in the selection response. 
Conclusions 
Eight cycles of full-sib reciprocal recurrent selection in BSIO and 
BSll were effective in increasing the performance of the population 
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cross as well as the populations themselves for the traits emphasized 
during selection. The largest rates of gain were found for grain yield, 
prolificacy index, and stalk lodging. Although not significant in all 
instances, the trend of changes was in the desired direction for grain 
moisture, ear height, and root lodging. For some traits, the response 
to selection could not be adequately described by a linear model. If the 
selection intensities applied over cycles of selection are similar, a 
linear response should be expected. In this program, selection was for 
several traits and, thus, the steadiness of the selection intensities 
for each trait over cycles of selection can not be ensured. 
The selected populations showed a reduction in inbreeding depression 
when compared with the unselected strains. The crosses between selected 
strains of BSIO and BSll showed increased rates of inbreeding 
depression. The selection procedure would have increased the frequency 
of homozygotes for different alleles in each of the base populations. 
Thus, the cross populations between selected strains would have higher 
frequency of heterozygotes as compared with the original cross 
population. 
The selection would have increased the frequency of genes with 
additive and dominance effect in the range of partial to complete 
dominance. The improved performance of the selected populations in 
crosses with unrelated testers, other than the counterpart populations, 
indicates that the selected strains would be a better source of lines 
with good general combining ability. The rates of response for grain 
yield in the population themselves could have been limited by genetic 
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drift, as suggested by the significance of the quadratic term in the 
regression model for population BSIO and the number of selected 
families intermated in each cycle of selection. 
Full-sib reciprocal recurrent selection requires trained personnel 
and careful record-keeping. The results of this study suggest that the 
reciprocal full-sib selection is a very rewarding procedure, at least in 
the BSIO and BSll maize populations. Genes with partial to complete 
dominance effects would have contributed in some extent to the observed 
response. Perhaps dominance becomes important in germplasm that has 
been selected previously, and, thus, a testing phase for combining 
ability should be included in the selection procedures. If the full-sib 
reciprocal recurrent selection improves not only the performance of the 
population cross but also that of the base populations per se and in 
testcrosses, its application would provide improved sources of germplasm 
for applied breeding programs. 
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SECTION II. CONTRIBUTION OF ADDITIVE AND DOMINANCE GENE EFFECTS TO THE 
RESPONSE TO FULL-SIB RECIPROCAL RECURRENT SELECTION AND ESTIMATION 
OF THE GENETIC DRIFT EFFECTS 
Abstract 
The model proposed by Smith (1983) was used to analyze the 
contribution of additive and dominance effects to the response to eight 
cycles of full-sib reciprocal recurrent selection (FSRRS) in maize 
populations BSIO and BSll, as well as to estimate the effect of genetic 
drift. The emphasis during selection was given to standability and 
grain yield. 
The BSIO and BSll populations and their crosses corresponding to 
cycles 0, 2, 4, 6, and 8 were evaluated at two levels of inbreeding (F=0 
and F-0.5) over eight environments. Testcrosses to the respective cycle 
0 populations and unrelated inbred lines also were evaluated. The 
entries were arranged in triple lattice experiments. The means over 
eight environments adjusted for block effects were used to estimate 
Smith's parameters for grain yield and moisture, stalk and root lodging, 
ear height, prolificacy index, and days to anthesis. 
The contribution of heterozygotes to the mean of BSIOCO and BSllCO 
seems to have been of greater importance for grain yield, especially for 
BSll. On the contrary, the contribution of homozygotes to the mean of 
BSIOCO and BSllCO would have been of major importance for grain 
moisture, prolificacy, standability, days to anthesis, and ear height. 
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Genetic divergence between BSIOCO and BSllCO for grain yield was 
detected. Effects of genetic drift were significant for grain yield 
(BSIO and BSll), days to anthesis (BSIO), and ear height (BSll). The 
improved grain yield over cycles of selection was contributed largely by 
homozygous (BSll), and heterozygous individuals (BSIO). The increased 
heterosis for grain yield exhibited by the interpopulation crosses was 
due to the accumulation in the population cross of favorable alleles 
with additive and dominance effects from both populations and the 
restitution of the heterozygous condition at loci for which genetic 
drift had caused fixation of suboptimal alleles in one of the parental 
populations. 
Means of selected populations adjusted for genetic drift indicate 
that there was not significant difference for grain yield between direct 
and indirect response to selection. 
Improved performance for grain yield in testcrosses with unrelated 
lines was attributed to the improvement in the populations themselves, 
since no desirable changes in genetic divergence for genes with 
dominance effects between populations and testers were detected. 
The FSRRS caused desirable changes in most of the agronomic traits 
and in no case was undesirable changes observed. The effects of both 
assortative mating during progeny formation and small effective 
population sizes during recombination of selected progenies should be 
considered in full-sib reciprocal recurrent selection if long-term 
objectives are pursued and improved performance of the parental 
populations are also desired. 
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Introduction 
The ultimate goal of most maize applied breeding programs is the 
development of new hybrid cultivars (Hallauer and Miranda Filho, 1988). 
Exploitation of heterotic patterns has become the key factor in most 
applied breeding programs. Breeders can take advantage of the knowledge 
about pedigree origin and relationship among Inbred lines by evaluating 
experimental crosses between lines derived from both sides of the 
heterotic pattern. Reid Yellow Dent by Lancaster Sure Crop is probably 
the heterotic pattern most widely used, and the single cross B73 X Mol7 
is an example of its successful utilization. 
Sprague (1984) emphasized the importance of developing alternative 
heterotic patterns because this would broaden the germplasm base and, 
consequently, reduce the genetic vulnerability of the crop. Full-sib 
reciprocal recurrent selection could be very helpful for not only 
developing new heterotic patterns, but also to enhance those identified 
previously. The improvement in the level of heterosis shown by an 
interpopulational cross is expected to be associated with further 
increase in the heterosis exhibited by crosses between selected lines. 
The consistency in the expression of heterosis in crosses between 
different sources is attributed to differences in gene frequencies for 
loci showing partial to complete dominance (Falconer, 1981), However, 
the positive association between genetic divergence and heterosis does 
not hold for the extreme range of genetic divergence. Cress (1967) and 
Moll et al. (1965) have provided theoretical and empirical evidence of 
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the relation between genetic divergence and cross performance. 
Hallauer (1967a,b) and Lonnquist and Williams (1967) suggested a 
method for developing single-crosses using full-sib interpopulation 
progenies from two two-'sared populations. Alternate rows of both 
populations are planted and individuals from one population are crossed 
to individuals from the other population. Both plants involved in the 
crosses are also selfed. Interpopulation full-sib progenies are 
evaluated in replicated trials in different environments. Based on the 
data of the evaluation trials, seed from the parental plants that 
performed better in crosses is planted in paired rows to initiate a new 
cycle of inbreeding and full-sib crossing. A cycle of reciprocal 
population improvement also can easily be included by intermating the 
families derived from the selected parents in each population 
(Hallauer, 1973). 
A program of full-sib reciprocal recurrent selection was initiated 
in maize populations BSIO and BSll by Hallauer (1967a). Reports on the 
response to selection have been periodically published (Hoegemeyer and 
Hallauer, 1976; Obilana et al., 1979; Hallauer, 1984; Reader et al., 
1987). Eyherabide and Hallauer (1989) have reported the direct and 
indirect responses after eight cycles of full-sib reciprocal recurrent 
selection in BSIO and BSll. The results indicated that the procedure 
was effective in improving the agronomic performance of the population 
cross as well as the populations themselves. 
The indirect response to selection in the BSIO and BSll populations 
was less than the direct response observed in the population cross and 
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could be described by a regression model that included linear and 
quadratic terms. According to Smith (1979a,b), genetic drift may limit 
the response to selection in the parental population if small effective 
population sizes are used for recombination. Smith (1979a,b, 1983) 
proposed a model for evaluating the response to selection which also 
allows the estimation of genetic gains adjusted by drift effects. Smith 
(1983) found that the indirect response to half-sib reciprocal recurrent 
selection in BSSS and BSGBl, adjusted for the effects of genetic drift, 
were larger than the estimates of direct response in the interpopulation 
cross. 
The objectives of this research were to determine if indirect 
responses were limited by genetic drift and also to determine the 
contribution of additive and dominance effects to the total response to 
selection in BSIO and BSll populations. 
Materials and Methods 
Maize populations BSIO and BSll were chosen to initiate a full-sib 
reciprocal recurrent selection program (Hallauer, 1967a). Emphasis of 
selection was given for yield and standability. In this study, the base 
populations and their interpopulation crosses corresponding to cycles 0, 
2, 4, 6, and 8 were evaluated at two levels of inbreeding (F-0 and 
F-0.5). Testcrosses of BSIO and BSll strains (F-0) with unrelated lines 
and the respective original populations also were included in the yield 
trials. The inbred lines utilized as testers were B77 and Mol7 for BSIO 
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population and B73 and B79 for BSll population. Single crosses B73 x 
Mol7, B77 X Mol7, and B73 x B79 and their respective F2 generations 
also were included in the experiments. 
The sixty-four entries were arranged in a 8 x 8 triple lattice 
design and planted at four locations (Boone, Ames, Ankeny, and 
Martinsburg, Iowa) in 1987 and 1988. The eight experiments were machine 
planted and harvested. Each experimental plot consisted of two rows 
5.49 m long spaced 76.2 cm between rows. The plots were overplanted and 
thinned to 52 plants/plot (61250 plants/ha) one month after planting. 
The traits evaluated and the methods of collecting data for each trait 
were as follows: 
1. Days to anthesis (POLLEN) was measured as the number of days from 
planting date to the time at which 50% of the plants in the plot 
were shedding pollen. 
2. Prolificacy index (PI). The ears in each plot were counted before 
machine harvesting and the PI estimated as the ratio: 
(number of ears per plot/number of plants per plot) x 100 
3. Ear height (EARH) was measured as the distance between the ground 
level and the upper most ear-bearing node for ten competitive plants 
(five plants per row). EARH was measured ten days after flowering 
was completed. The mean of ten observations was expressed in 
centimeters and utilized in the statistical analysis. 
4. Stand of plants (STAND) was obtained by recording the number of 
plants per plot approximately two months after planting date and 
converted to plants per hectare. 
5. Stalk lodging (STKLG) was recorded as the number of plants with 
broken stalks below the primary ear node immediately before 
harvesting and expressed as a percentage of plants per plot. 
6. Root lodging (RTLG) was recorded as the number of plants leaning 
more than 30® from the vertical axis in each plot immediately 
before harvesting and expressed as a percentage of plants per plot. 
7. Dropped ears (DEARS) was recorded as the number of ears that had 
fallen to the ground immediately before harvesting and expressed as 
a percentage of plants per plot. 
8. Grain yield (YLD) was recorded on a 15.5% grain moisture basis and 
expressed as quintals per hectare. 
9. Grain moisture (MOIST) was recorded at harvesting in each plot and 
replication by a Dickey-John portable moisture tester. 
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Traits 1 through 3 were measured in four environments and the other 
traits were evaluated in all the environments. 
The entry means adjusted for block effects were used in the analysis 
according to Smith (1983). The generation mean analysis suggested by 
Smith (1983) was used to estimate the contribution of the response to 
selection of loci associated with additive or dominance gene effects. 
The model also provides estimates of the effects of genetic drift on the 
response to selection programs due to small effective population sizes 
and departures from random mating. Positive assortative mating occurs 
for several traits, such as prolificacy, maturity and standability, 
during the progeny formation in each cycle of selection. 
Smith's (1983) model assumes: 1) populations in Hardy-Weinberg 
equilibrium; 2) diploid inheritance; and 3) no epistasis. The genetic 
expectation of any population can be expressed as a linear function of 
parameters, as described by Smith (1983). Since the X*X matrix obtained 
from the entries included in this study was singular, the parameters 
DLIO and DLOl were not estimable. A new parameter, 'DLOl, was defined 
as a linear function of DLOl and DLIO, assuming one locus: 
'DLOl - DLOl + DLIO - (Ap - Ar)(p - r)[d] 
where 'p' and 'r' represent the gene frequencies of the favorable 
alleles, 'd' represents the dominance effect, and A indicates 
changes in allele frequency. 
Midparent heterosis in actual values, (F^ - MP), after 'C cycles 
of selection can be estimated as a linear function of the Smith's 
parameters by replacing F-j^ and MP with their genetic expectations as 
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follows : 
He - HOI + 2(C)'DLOl + 2(c2)HQ01 - (c2)(DQ0 + DQl). 
Midparent heterosis between the original populations is HOI. 
Consequently, the change in heterosis after 'C cycles of selection is: 
AH - - HOI - 2(c)'DLOl + 2c^HQ01 - c2(DQ0 + DQl). 
Results and Discussion 
The estimates of the parameters for Smith's model are recorded in 
Tables 1 and 2. To reduce problems arising because of 
multicollinearity, those parameters in which F calculated values were 
smaller than 1 were deleted from the full model. This permitted an 
increase in the precision of the estimates of the remaining parameters. 
The traits showed different relative magnitudes of AO and DO effects 
in the unselected populations. Dominance-related effects (DO) seem to 
have a larger contribution to the grain yield of the original 
populations than do additive-related effects (AO). On the contrary, 
additive effects would make a major contribution to the performance of 
the base populations for grain moisture, prolificacy, standability, days 
to 50% anthesis, and ear height. 
Populations BSIO and BSll showed differences in their estimates of 
AO and DO parameters for grain yield. The average gene frequency of the 
favorable allele in BSll CO would be near 0.5 since the estimate of AOl 
was not significant. Under this circumstance, the frequency of 
heterozygotes in the population is maximized and so is DOl. The smaller 
Table 1. Least squares estimates of parameters for the model (Smith, 1983) used to evaluate 
differences in genetic effects and inbreeding depression for grain yield, grain moisture, 
prolificacy index, and days to anthesis 
Traits 
Populations Yield Moisture Prolificacy Anthesis 
and crosses Parameter Mg ha" % days 
BSIO CO AOO 0. 583 t 0.312* 18. 488 + 0. 157** 67. 758 t 4.782** 78. 539 + 0. 313** 
DOO 1. 777 t 0.180** — a 10. 232 t 2.814** -1. 930 t 0. 183** 
BSIO Cn ALO 
DLO 
DQO 
0. 
0. 
-0. 
047 t 0.033ns 
127 t 0.039** 
014 + 0.002** 
0. 062 + 0. 017** 0. 
0. 
755 + 0.499ns 
795 + 0.617ns 
0. 013 t 0. 003** 
BSll CO AOl - — - 19. 645 + 0. 550** 35. 698 + 4.755** 80. 681 + 0. 314** 
DOl 2. 461 + 0.048** 0. 877 + 0. 340** 28. 316 + 2.760** -2. 084 + 0. 196** 
BSll Cn ALl 0. 109 + 0.013** 0. 078 + 0. 057ns 3. 036 + 0.493** — — — 
DLl -0. 238 + 0. 086** -1. 896 t 0.594** -0. ,096 + 0. 030** 
DQl -0. Oil + 0.002** 0. 007 + 0. 006ns - - - 0. ,005 t 0. ,004ns 
BSIO CO X BSll CO HOI 0. 381 t 0.110** 0, 483 + 0. ,346ns 5. 112 + 2.911ns -0. ,509 + 0. ,182** 
BSIO Cn X BSll Cn 'DLOl - - - -0. 102 + 0. .096ns 1. ,186 t 0.797ns 
HQOl - - - 0. 013 + 0. 011ns -0, 125 + 0.094ns - - -
B77 X BSIO Cn B77 
DL77 
4, .800 + 0.116** 19, ,971 + 0. 178** 101, 
-0, 
.260 + 2.440** 
.273 t 0.272ns 
74, 
0, 
.420 
.108 
t 0 
+ 0 
.273** 
.028** 
Mol7 X BSIO Cn M17 
DL17 
5 .876 + 0.116** 18, .151 + 0 .178** 94, 
-0 
.460 + 2.440** 
.300 + 1.103ns 
73 .340 t 0 .158** 
B79 X BSll Cn B79 6 .030 + 0.164** 21 .060 + 0 .284** 101 .600 + 2.440** 75 .520 + 0 .273** 
DL79 -0 .030 + 0.018ns 0 .068 + 0 .040ns -0 .487 + 0.269ns 0 .056 + 0 .032ns 
B73 X BSll Cn B73 6 .735 + 0.109** 19 .580 + 0 .284** 100 .120 + 1.622** 74 .785 t 0 .199** 
P" 0 .113 + 0 .040** 0.998 0. 998 0.998 0 .999 
^erms deleted from the full model. 
^Significantly different at 0.05 level. 
**Signlficantly different at 0.01 level. 
"^Nonsignificant. 
Table 2. Least squares estimates of parameters for the model (Smith, 1983) used to evaluate 
differences in genetic effects and inbreeding depression for stalk and root lodging and 
ear height 
Traits 
Populations Stalk lodging Root lodging Ear height 
and crosses Parameters % cm 
BSIO CO AOO 
DOO 
22. 513 + 0.793** 3. 682 + 0 .372** 96.861 + 1.891** 
10.031 t 1.104** 
BSIO Cn ALO 
DLO 
-0. 560 t 0.087** 
DQO — — — -0. ,002 + 0. .008ns -0.027 t 0.015ns 
BSll CO AGI 9. 094 + 1.652** 5. 495 + 1. 021** 88.426 t 3.179** 
DDI 5. 746 t 1.012** 1. ,375 + 0 .626* 17.158 t 1.871** 
BSll Cn ALl — — — — — — 0.867 t 0.329** 
DLl -0. 566 + 0.100** -0, .349 + 0 .064** -1.031 + 0.425* 
DQl — — — — — — -0.060 t 0.027* 
BSIO CO X BSll CO HOI — — — — — — « — 
BSIO Cn X BSll Cn 'DLOl — — — -0 .175 + 0 .209ns ^ — 
HQOl — — - 0 .031 + 0 .030ns 0.041 + 0.018* 
B77 X BSIO Cn B77 
DL77 
22 
-0 
280 + 1.482** 
.213 t 0.157ns 
1 .960 + 0 .528** 118.396 t 1.655** 
-0.144 + 0.169ns 
Mol7 X BSIO Cn Mol7 
DL17 
14 .459 t 0.924** 114.112 + 1.655** 
-0.346 + 0.169 * 
B79 X BSll Cn B79 
DL79 
21 .083 t 0.945** 6 ,918 + 0 .587** 122.146 + 1.314** 
B73 X BSll Cn B73 13 .923 t 0.945 ** 5 .898 + 0 .587** 118.070 + 1.655** 
0.423 + 0.203* 
0.999 0.910 0.999 
^erms deleted from the full model. 
^Significantly different at 0.05 level. 
Significantly different at 0.01 level. 
^^Nonsignificant. 
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estimate of DO, as well as the smaller mean grain yield of BSIO CO 
respect to BSll CO (Table 3) also suggests a larger average gene 
frequency for the favorable alleles in BSll CO. 
The larger observed rates of inbreeding depression for grain yield 
in BSll (Eyherabide and Hallauer, 1989) is consistent with its larger DO 
estimate. Apparently, the level of heterozygosity must be larger in 
BSll as compared with that in BSIO. 
The estimate of DL for BSll was not significant. DL is minimized at 
intermediate gene frequency because the (1 - 2?^) term is at a minimum 
(Smith, 1979b). The full-sib reciprocal recurrent selection was 
effective in changing the frequency of alleles with additive effects in 
the BSll population. 
For the BSIO population, the change in gene frequency of alleles 
with additive effects (ALO) was not significant. However, the selection 
procedure increased the frequency of alleles with dominance effects. 
The major contribution to the response to selection of alleles with 
additive effects in BSll, and alleles with dominant effects in BSIO, 
explains why the ratio between the gains in the noninbred populations 
and in the inbred populations were relatively larger in BSll as compared 
with the gains in BSIO (Eyherabide and Hallauer, 1989). 
Estimates of genetic drift (DQO and DQl) were different from zero 
for both populations (P < 0.01). Thus, the observed indirect responses 
reported by Eyherabide and Hallauer (1989) would not reflect the 
potential response to selection in BSIO and BSll. 
The significance (P < 0.01) of HOI suggests the existence of both 
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Table 3. Observed (0) and predicted (P) (Smith, 1983) means for grain 
yield (YLD) and moisture (MOIST), prolificacy index (PI) and 
days to anthesis (POLLEN) for the BSIO and BSll populations 
and their crosses over eight environments 
Traits 
Populations YLD MOIST PI POLLEN 
and crosses 0 P 0 P 0 P 0 P 
Mg/ha % days 
BSIO CO 4.15 4.14 19.7 18 .5 82.6 88 .2 75.6 74 .6 
BSIO C2 4,38 4.72 17,0 18 .7 101.2 94 .4 73.1 74 .8 
BSIO C4 5.09 5.09 19,0 19 .0 108.2 100 . 6 75.8 75 .1 
BSIO 06 5.24 5.24 21,4 19 .2 107.1 106 .8 77.0 75 .6 
BSIO 08 5.13 5.16 18.5 19 .5 111.0 113 .0 75.4 76 .3 
BSIO C0@* 2.39 2.36 18,6 18 .5 71.8 78 .0 76.8 76 . 6 
BSIO C2@ 2.67 2.75 17.7 18 .7 89.5 82 .6 76.1 76 .7 
BSIO C4@ 2.91 3.02 18.2 19 .0 84.6 87 .2 76.7 76 .8 
BSIO C6@ 3.09 3.19 20.5 19 .2 86.5 91 .8 77.8 77 .1 
BSIO C8@ 3.44 3.25 18.5 19 .5 97.1 96 .4 77.3 77 .4 
BSll CO 4.92 4.92 22.4 21 .4 92.6 92 .4 77.3 76 .5 
BSll C2 5.15 5.27 19.8 20 .8 97.1 97 .0 74.9 76 .2 
BSll 04 4.86 5.45 20.0 20 .3 101.6 101 .5 76.5 75, .9 
BSll 06 5.47 5.46 18.6 20.0 108,7 106, ,1 74.8 75.7 
BSll C8 5.56 5.30 20.8 19 .7 111,7 110, ,6 75.9 75, ,6 
BSll C0@ 2.16 2.46 20.8 20 .5 53,2 64, ,0 79.5 78. ,6 
BSll C2@ 3.08 2.85 20.0 20, .3 79.8 72. 4 77.6 78. 4 
BSll C4@ 2.88 3.16 20.1 20, ,3 82,8 80. 0 78.4 78. 3 
BSll C6@ 3.25 3.39 19,0 20. ,3 91.6 89. 1 77,5 78. 2 
BSll C8@ 3.45 3.53 20,8 20,3 89.8 97. 5 78,7 78. 1 
BSIO CO X BSll CO 4.65 4.91 20.7 20. 4 90.5 95. 4 75,5 75. 1 
BSIO C2 X BSll C2 5.72 5,48 19.1 19, 9 109.5 104. 5 74,2 74. 9 
BSIO C4 X BSll 04 5.96 6.05 19.4 19. 6 108.2 111. 7 75.0 74. 7 
BSIO 06 X BSll 06 6.36 6.61 19.6 19. 5 113.9 116. 8 74.6 74. 5 
BSIO 08 X BSll 08 7.48 7.18 19.2 19. 6 119.6 119. 9 74.3 74. 3 
(BSIOCO X BS11C0)@ 2.58 2.60 19.7 19. 7 78.1 73. 6 76.7 77. 3 
(BS10C2 X BS11C2)@ 3.36 3.04 20.2 19. 6 83.0 81. 9 77.8 77. 3 
(BS10C4 X BS11C4)@ 3.59 3.48 20.3 19. 6 95.2 89. 3 77.6 77. 2 
(BS10C6 X BS10C6)@ 3.74 3.92 20,3 19. 7 91.7 95. 6 76.7 77. 1 
(BS10C8 X BS11C8)@ 4.29 4.36 20,3 19. 9 106.5 101. 0 76.8 77. 0 
*One generation of selfing. 
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directional dominance for grain yield and initial genetic divergence 
between BSIO and BSll, as expected according to their different 
ancestry. 
The nonsignificant estimate of HQOl suggest that the full-sib 
reciprocal recurrent selection selected different alleles in each 
population. When directional dominance exists, the term HQOl 
could not be different from zero under several circumstances (Tanner and 
Smith, 1987). The following suggestions do not rule out the possibility 
of selection for different alleles in each population; 1) if Ap^ or 
Ar^ - 0 in at least one population or 2) if changes in allele frequency 
for an important fraction of the loci controlling the trait were in 
opposite direction and led to a cancellation of effects over all loci. 
Both suggestions imply selection for different alleles in each 
population. 
The term 'DLOl - (Ap - Ar)(p - r)[d] could not be different from 
zero under the following circumstances: 1) no directional dominance, 2) 
lack of initial genetic divergence between BSIO and BSll for genes with 
dominance effects, 3) cancelling effects over all loci controlling the 
trait, and 4) any combination of the three. The first two circumstances 
could be discarded, since the respective related parameters (DO and HOI) 
were different from zero. Thus, the third alternative could explain the 
lack of significance for HQOl as well as 'DLOl. The consistent 
increasing rate of inbreeding depression detected in the population 
crosses over cycles of selection (Eyherabide and Hallauer, 1989) also 
suggests that the full-sib reciprocal recurrent selection would have 
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selected different alleles with dominance effects in each population. 
The observed and predicted means for grain yield of the original and 
selected strains of BSIO and BSll are recorded in Tables 3 and 4. For 
the eighth cycle, the estimated losses due to genetic drift were 1.79 Mg 
ha'l for BSIO and 1.41 Mg ha"^ for BSll (Table 4). 
The estimated realized gains in the mean grain yield for the 
interpopulation crosses and the populations per se after adjusting for 
genetic drift effects are shown in Table 5. The rates for direct and 
indirect responses did not differ significatively. Nevertheless, the 
rate of indirect response for BSll was smaller (P < 0.01) than that of 
BSIO after adjusting for genetic drift. 
Full-sib reciprocal recurrent selection includes the phenotypic 
selection of prolific plants to be used as parents of full-sib 
families. The relative magnitudes of AO and DO (Table 1) indicates that 
prolificacy index is mainly controlled by genes with additive effects in 
both original populations, although the contribution of heterozygotes to 
the performance of BSll seems to be larger than in BSIO. The estimated 
decrease in the prolificacy index after one generation of selfing was 
10.2 for BSIO and 28.3 for BSll. A higher number of loci seems to be 
heterozygous in BSll. For BSll, the fraction of the total response to 
selection due to changes in gene frequency of alleles with additive 
effects was highly significant (P < 0.01). Nevertheless, the changes in 
gene frequency of dominant alleles caused negative effects, which means 
that either the selection led to a decrease in gene frequency of 
favorable alleles for loci with dominance, or full-sib selection 
95 
Table 4. Grain yield predicted from the model (Smith, 1983) and 
adjusted for genetic drift effects of the original and 
selected strains of BSlO and BSll populations 
Grain yield, Mg ha"^ 
Populations Predicted 
(2) 
Adjusted for DQ 
O) 
Difference* 
(2 - 3") 
BSIO CO 
BSIO 02 
BSIO C4 
BSIO C6 
BSIO C8 
4.14 
4.73 
5.09 
5.24 
5.16 
4.14 
4.84 
5.54 
6.24 
6.95 
0 . 0 0  
0 .11  
0.45 
1.01  
1.79 
BSll CO 
BSll C2 
BSll C4 
BSll C6 
BSll C8 
4.92 
5.27 
5.45 
5.45 
5.30 
4.92 
5.36 
5.80 
6 , 2 6  
6.71 
0 . 0 0  
0.09 
0.35 
0.79 
1.41 
^Estimated as 2c^ DQ, where 'c' is the number of cycles of 
selection. 
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Table 5. Estimates of the realized rate of gain for grain yield in the 
population crosses and the populations themselves after 
adjusting for genetic drift effects (Smith, 1983) 
Adjusted gain 
Population Combination Estimate, Mg ha"^ 
BSIO Cn 2 ALO + 2 DLO 0.349 + 0:033* 
BSll Cn 2 ALlb 0.218 + 0.027 
BSIO Cn X BSll Cn ALO + All + DLO*^ 0.284 f 0.039 
^Difference between adjusted gain for BSIO Cn x BSll Cn and the 
average adjusted gain for BSIO and BSll was not significant. 
^Estimate of DLl was not significant (P < 0.01). 
^Estimates of DLl, 'DLOl, and HQOl were not significant (P < 
0.01). 
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selected a set of alleles in BSll that would be favorable for grain 
yield and standability but detrimental for prolificacy. 
Neither the contribution of change in frequency of favorable alleles 
with additive effects nor that of alleles with dominance effects was 
significant for population BSIO. However, the estimate of the linear 
combination ALO + DLO was significant (P < 0.01) (data not shown). The 
responses to selection were 3.10 and 2.28 for BSIO and BSll 
respectively. The difference between them was not significant. Genetic 
drift had no effect on the performance of the selected strains of BSIO 
and BSll. 
Lack of significance for both HOI and DLOl terms suggests that there 
was no genetic divergence between BSIO CO and BSll CO. The 
nonsignificance of HQOl suggests that full-sib reciprocal recurrent 
selection selected different alleles in both populations. Dominance 
effects seems to be important in controlling prolificacy. It was shown 
that when the selected populations are testcrossed with their respective 
original populations, their prolificacy index remained unchanged 
(Eyherabide and Hallauer, 1989). A similar situation occurs when Mol7 
or B79 are used as testers. Probably the original strains and the 
inbred testers possess dominant alleles at some loci that would have 
major unfavorable effects on prolificacy. Perhaps, a reduced number of 
alleles with these effects would be adequate to mask any increase of 
frequency of favorable alleles with additive or dominant effects located 
in other loci. Hallauer (1974) found a detrimental effect of inbred 
line C103 on the prolificacy of F2 populations. Harris et al. (1972) 
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concluded that prolificacy is conditioned largely by recessive genes. 
Prolificacy is a threshold character (Hallauer, 1974) whose inheritance 
is not easy to elucidate. The data presented in this study suggests 
that even though major genes with unfavorable dominant effects may 
exist, minor genes with additive and favorable effects can be 
capitalized through recurrent selection. 
Grain moisture seems to be a character largely controlled by genes 
with additive effects, although a small contribution of dominance was 
significant in BSll, considering the AO and DO estimates (Table 1). 
The selection procedure tended to decrease grain moisture in BSll. The 
negative estimate of DLl indicates that selected strains were earlier 
due to the contribution of heterozygotes. No contribution to the 
genetic gain due to genes with additive effect was observed in BSll. 
The negative estimate of DLl is coherent with the linear regression 
coefficient of response to selection reported for BSll (Eyherabide and 
Hallauer, 1989). In BSIO, the reduced model indicates that full-sib 
reciprocal recurrent selection was effective in increasing the frequency 
of genes with additive effects, although the estimate was very small. 
The changes in the mean performance of BSIO for grain moisture (Table 
3), however, were erratic and do not follow the pattern expected for a 
trait for which selection is effective. For the full model, the 
estimates of ALO and DLO were not significant. Apparently, 
multicollinearity may have caused this contrasting results. 
Because the estimate of DOl was significant, lack of significance of 
HOI should be interpreted as an indication of no genetic divergence 
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between the original populations rather than an absence of directional 
dominance. Nonsignificance of HQOl suggests that the selection affected 
different alleles with dominance effects in each population. Genetic 
drift was not important in determining the performance of the 
populations per se. Selection would have Increased the initial genetic 
divergence between the line B73 and population BSll for loci affecting 
grain moisture, considering the significance of DL73. 
The relative larger magnitude of AO and DO parameters for stalk and 
root lodging reveals the major contribution of genes with additive 
effects to the mean performance of the original populations, especially 
BSIO population (Table 2). In BSll, the contribution of heterozygotes 
had some importance for standability. Apparently, the average gene 
frequency is at intermediate values or a larger number of loci are 
segregating in BSll. Thus, on the average, for the phase of hybrid 
development, a greater amount of genetic variability would be available 
for selection for standability within inbred families of BSll than 
within BSIO. Alleles with dominance effects tend to reduce standability 
since the estimate of DDI was positive. The observed mean performance 
of the original populations (Table 6) suggests that the averaged 
frequency of unfavorable alleles for stalk lodging over all loci in BSIO 
must be similar to that in BSll. Unselected strains of BSIO and BSll 
should not differ in their gene frequencies for stalk and root lodging 
since the heterosis, HOI, was not significant for these traits. Genetic 
drift effects were not significant in both populations for stalk and 
root lodging. 
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Table 6. Observed (0) and predicted (P) (Smith, 1983) means for stalk 
(STKL) and root (RTLG) lodging, and ear height (EARH) for the 
parental populations and their crosses over environments 
Traits 
Populations STKLG RTLG EARH 
and crosses 0 P 0 P 0 P 
% cm 
BSIO CO 20.7 22 .5 5.2 3.7 116 .8 116 .9 
BSIO C2 24.0 20 .3 1.7 3.7 111 .4 116 .7 
BSIO C4 18.8 18 .0 3.5 3.6 121 .1 116 .0 
BSIO C6 13.4 15 .8 5.1 3.6 117 .1 115 .0 
BSIO C8 16.1 13 .6 2.6 3.4 110 .7 113.4 
BSIO C0@* 19.1 22 .5 0.7 3.7 102 .9 106 .9 
BSIO C2@ 20.0 20 .3 4.4 3.7 108 .5 106 .8 
BSIO C4(a 19.2 18 .0 2.8 3.7 108 .0 106 .5 
BSIO C6@ 12.3 15 .8 4.7 3.6 105 .3 105 .9 
BSIO C8@ 12.9 13 .6 3.4 3.6 106 .2 105 .1 
BSll CO 22.0 20 .6 10.7 8.2 127, .1 122, .7 
BSll C2 15.5 18 .3 8.8 6.8 118, ,4 121 .6 
BSll C4 15.6 16, .1 7.5 5.5 119, .0 119, .5 
BSll C6 11.7 13. ,8 3.8 4.0 109, ,9 116, ,5 
BSll OS 12.9 11, ,5 1.9 2.6 116.0 112, ,5 
BSll C0@ 13.6 14. 8 6.4 6.9 106. 8 105. 6 
BSll C2(a 11.9 13. J  3.5 6.2 108. 8 106. 7 
BSll C4@ 13.0 12. . 6  5.2 5.5 101. 5 107. 4 
BSll C6@ 15.1 11. 4 4.5 4.8 108. 0 107. 7 
BSll C8@ 9.8 10. 3 4.3 4.1 109. 4 107. 4 
BSIO CO % BSll CO 22.9 21. 5 6.5 6.0 121. 3 119. 8 
BSIO C2 X BSll C2 19.6 19. 3 2.1 4.8 116. 9 119. 8 
BSIO C4 X BSll C4 18.3 17. 0 3.2 4.1 121. 4 120. 5 
BSIO C6 X BSll C6 15.4 14. 8 4.9 4.0 118. 8 121. 8 
BSIO C8 X BSll C8 12.5 12. 5 3.6 4.3 125. 8 123. 8 
(BSIOCO X BS11C0)@ 18.7 18. 7 8.1 5.3 103. 7 106. 2 
(BS10C2 X BS11C2)@ 18.2 17. 0 4.8 4.7 109. 3 107. 1 
(BS10C4 X BS11C4)@ 14.2 15. 3 5.5 4.4 110. 1 108. 3 
(BS10C6 X BS11C6)@ 13.3 13. 6 8.8 4.3 110. 3 109. 8 
(BS10C8 X BS11C8)@ 11.1 11. 9 2.8 4.4 110. 1 111. 7 
*One generation of selfing 
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Full-sib reciprocal recurrent selection was effective in changing 
the frequency of alleles with additive effects for stalk lodging in BSIO 
and with dominance effects in BSll. The negative sign of ALO and DLl 
estimates Indicates that the selection procedure reduced the frequency 
of unfavorable alleles. 
For root lodging, selection was not effective for increasing the 
gene frequency of favorable alleles for any type of gene effects in 
population BSIO. Selection, however, increased the frequency of 
favorable alleles with dominance effects in BSll. 
The estimates of the parameters related to dominance suggest that 
selection decrease the frequency of alleles with dominance effects that 
contribute to lodging. The selfed original and selected strains of both 
populations and their crosses exhibited less root and stalk lodging 
percentages. This difference in performance could be associated, at 
least partially, to the mechanical effects of both the reduced ear 
height and ear weight in the inbred populations. 
The estimates of HQOl and 'DLOl were not significant for both stalk 
and root lodging. Lack of significance in'DLOl could be attributed to 
the lack of initial divergence between BSIO and BSll. No changes in 
gene frequencies for alleles with dominance effects in BSIO could 
explain the lack of significance in HQOl for root lodging and stalk 
lodging. However, rates of inbreeding depression (Eyherabide and 
Hallauer, 1989) do not support the hypothesis of selection of different 
alleles in each population. 
The relative magnitude of AO parameters and DO parameters for days 
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to anthesls (Table 1) in the unselected populations was approximately 
40:1, suggesting a largely additive control of the trait. Nevertheless, 
the contribution of heterozygous individuals to the mean of the original 
populations was statistically significant. Alleles with dominance 
effects tend, on the average, to Increase earliness, since their 
dominance-related parameters were negative. Effective size of 
populations led to significant (P < 0.01) genetic drift effects in 
BSIO. No loss of variability occurred in BSll. Selection for yield and 
standability did not cause any correlated response for days to anthesis 
in BSIO, according to Smith's model. Differences between strains of 
BSIO were found significant, but the erratic pattern of response was 
reflected by a very small R for the regression model (Eyherabide and 
Hallauer, 1989). 
In population BSll, selection for prolificacy, grain yield, and 
standability led to a correlated change in gene frequency for alleles 
with dominance effects controlling days to anthesis. Selected strains 
of BSll tended to increase the growth rate from planting to pollen 
shedding. The original populations had a certain level of genetic 
divergence, since the estimate of HOI was significant. The negative 
estimate of HOI is consistent with the negative estimates of DO and DL. 
Thus, directional dominance exists for earliness. The estimate of HQOl 
was nonsignificant, as expected, because gene frequency in BSIO remained 
unchanged for days to anthesis. The nonsignificant estimate of DLOl 
could suggest a cancelling effect of changes in gene frequency over all 
loci in population BSIO. Populations BSIO and B77 had a significant 
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estimate of DL77 and could only be explained by the existence of initial 
divergence between B77 and the unselected strain. Smith's model for 
these data set fail to detect significant changes in gene frequency over 
cycles of selection in BSIO. 
Ear height was not affected by reciprocal full-sib selection for 
grain yield and standability in BSIO. However, in BSll correlated 
response involved an increase in gene frequency of alleles with additive 
effects as well as dominance effects (Table 2). In the unselected 
strains, the heterozygotes tended to have taller ear placement. 
Selection decreased the frequency of alleles that tended to increase the 
ear height. Genetic drift was only significant in BSll. Lack of 
initial genetic divergence (HOI was nonsignificant) may explain the lack 
of significance of DLOl. The estimate of HQOl was significant. An 
explanation for this is that the model was not sensitive enough to 
detect changes in allele frequency in BSIO due to genetic drift 
(significant DQO effects). The estimate of DQO was significant at P < 
0.10. Thus, selection and genetic drift should have reduced the gene 
frequency for, at least, a common group of loci in BSIO. If the changes 
in BSIO were due either to selection or to genetic drift they can not be 
elucidated. The significance of DL73 and DL17 indicate that the gene 
frequency of population BSll was smaller than in B73 for alleles with 
dominant effects, and BSIO would have a gene frequency larger than Mol7 
for the same type of alleles. 
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Conclusions 
Considering the estimates of the Smith's model, the increased grain 
yield heterosis exhibited by interpopulational crosses between selected 
strains of BSIO and BSll could be attributed to 1) the accumulation in 
the population cross of favorable alleles with additive and dominance 
effects from both parental populations and 2) the restitution of 
heterozygous condition at loci for which genetic drift had caused 
fixation of suboptimal alleles in one of the parental populations. This 
general conclusion is consistent with that of Obilana et al. (1979) who 
attributed the improvement in the population cross to the improvement in 
the parental populations. In this study, full-sib reciprocal recurrent 
selection caused changes in frequency of genes with additive effects in 
BSll and with dominance effects in BSIO. Moll and Hanson (1984) 
reported a similar pattern of changes in gene frequency due to half-sib 
reciprocal recurrent selection in 'Jarvis' and 'Indian Chief. 
Genetic drift limited the indirect response to selection for grain 
yield and other traits. The effective population sizes estimated 
according to Vencovsky (1977) were 21.72 and 20.93 for BSIO and BSll 
(Table 7). These values would be small enough as to cause genetic drift 
(Robertson, 1960; Rawlings, 1970). 
The selection procedure caused desirable changes in most of the 
agronomic traits and in no case was undesirable changes observed. The 
selection index seems to be a very valuable breeding tool: grain yield, 
prolificacy, and standability were improved, despite the reports in the 
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Table 7. Number of full-sib families evaluated and selected, effective 
population size, and selection intensity for each cycle of 
selection 
Number of full-sib progenies 
Parental population Evaluated Selected Ne^ 
Cycle 0 144 24V18^ 1.556 26/19 
Cycle 1 188 20 1.711 21 
Cycle 2 247 20 1.840 21 
Cycle 3 223 20 1.793 21 
Cycle 4 159 20 1.629 21 
Cycle 5 156 20 1.619 21 
Cycle 6 155 20 1.616 21 
Cvcle 7 145 20 1.569 22 
^Selection intensity. Harmonic mean over cycles is 1.661. The value 
indicated for cycle 0 is the harmonic mean of the selection intensities 
applied to each parental population. 
^Effective population size (Ne) estimated according to Vencovsky 
(1977). The harmonic mean of Ne is 21.7 for BSIO and 20.9 for BSll. The 
expected inbreeding coefficient (estimated as F^—1-(l-l/2Ne)^) after 
eight cycles of selection is 0.170 for BSIO and 0.176 for BSll. 
°BS10. 
^BSll. 
106 
literature that suggest a negative correlation for grain yield and 
prolificacy with standability. 
The model used does not provide separate estimates of the 
contribution of assortative mating during progeny formation and 
effective population size during recombination of selected progenies to 
genetic drift. If the effects of assortative mating were of minor 
Importance, more than 20 families should be recombined in each cycle of 
selection when the goals of the selection program are expected to be 
achieved in the long-term. To maintain the same selection intensity, a 
larger number of progenies should be evaluated. 
Full-sib reciprocal recurrent selection is not restricted to 
prolific populations. Hallauer and Eberhart (1970) and Marquez-Sanchez 
(1982) have proposed modifications to the original scheme that allow the 
application of this procedure to a broader spectrum of germplasm. The 
integration of the full-sib reciprocal recurrent selection to hybrid 
development programs would allow one to capitalize on the heterotic 
effects more efficiently. 
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GENERAL DISCUSSION AND CONCLUSIONS 
Full-sib reciprocal recurrent selection was efficient in improving 
the performance of the parental population and the population crosses. 
The largest rates of gain were detected for grain yield, prolificacy 
index, and stalk lodging. Desired changes also occurred for grain 
moisture, days to anthesis and ear height. 
The genetic gains detected in the interpopulation cross (direct 
response) tended to be larger than those observed in the parental 
population (indirect responses). Nevertheless, genetic drift limited 
the indirect responses for grain yield. The estimated average indirect 
responses adjusted for genetic drift effects acording to Smith's model 
(1983) were not significantly different that the direct response 
estimated for the population crosses. However, the adjusted rate of 
gain in BSIO was larger than in BSll. 
Although selection was for multiple traits, the full-sib reciprocal 
recurrent selection was efficient to improve the performance for grain 
yield of the interpopulation cross at a rate of approximately 8% per 
cycle. 
The FSRRS increased the frequency of homozygotes for favorable 
alleles in the BSIO and BSll populations. On the contrary, the 
heterozygosity in the interpopulation cross increased over cycles of 
selection. The high parent heterosis also increased with selection. 
Apparently, the FSRRS selected different isoalleles or different sets of 
loci exhibiting dominance in each population. 
Ill 
FSRRS also took advantage of general combining ability effects, as 
suggested by the improved performance of BSIO and BSll in crosses with 
testers other than the counterpart population. 
The direct response to selection for grain yield was due to: 1) the 
accumulation in the population cross of favorable alleles with additive 
and dominance effects from both selected parental populations and 2) the 
restitution of heterozygous condition at loci for which genetic drift 
had caused fixation of suboptimal alleles in one of the parental 
populations. 
The selected BSIO and BSll populations would be a source of inbred 
lines with more vigor and better general combining ability than the 
unselected populations. 
If the detrimental effect of genetic drift on the grain yield 
performance of the parental population were mostly attributed to the 
small effective population size used in this program, more than 20 
families should be recombined if long term objectives are pursued. 
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APPENDIX A 
Genetic Analysis 
The generation mean analysis suggested by Smith (1983) was used to 
estimate the contribution of the response to selection of loci 
associated with eithey additive or dominance gene effects. The model 
also provides estimates of the effects of genetic drift on the response 
to selection programs due to small effective population sizes. 
Smith's model assumes: 1) populations in Hardy-Weinberg 
equilibrium; 2) diploid inheritance; and 3) no epistasis. 
Considering a single locus, the genetic expectation of any 
population can be expressed as a linear function of the following 
parameters : 
1. AOI - (2p - 1)[a] + u, 
where : 
u - contribution to the mean of those loci which are already fixed 
in the population I; 
p - frequency of the favorable allele in population I; and 
a - relative genotypic value of the homozygotes, as defined by 
Falconer (1981). 
2. DOI - p(l - p)[d], 
where ; 
d = genotypic value of heterozygous individuals as defined by 
Falconer (1981). 
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Parameter DOI estimates the inbreeding depression measured in the 
I-th population when the inbreeding coefficient (F) is 0.5. 
3. ALI - Ap[a], 
where : 
Ap - change in gene frequency of the favorable allele in 
population I. 
This parameter estimates half the change in the I-th population mean 
due to the contribution of homozygous loci after one cycle of selection. 
4. DLI - Ap(l -2p)[d] 
DLI estimates half the change in the mean of the I-th population due 
to the contribution of heterozygous loci after one cycle of selection. 
5. DQI - Ap2[d] 
DQI estimates half the change in the mean of the I-th population 
accounted for by the lost of heterozygous individuals after one cycle of 
selection due to genetic drift and selection. 
6. DLII' - Ap(p - r)[d], 
where : 
r - frequency of the favorable allele in the population I'. 
DLII' estimates half the change in the mean of the I x I' cross 
population contributed by the population I - ALI - DLI. 
7. DLI'I - Ar(r - p)[d] 
DLI'I estimates half the change in the mean of the I x I' cross 
population contributed by the population I' - ALI' - DLI'. 
8. HII' - (p - r)2[d] 
HII' estimates the heterosis expressed in the original I x I' cross 
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population. 
9. HQII' - ApAr[d] 
This parameter is a function of the change in the frequency of the 
favorable allele in both populations as well as the genotypic value of 
the heterozygotes. 
The parameters were estimated using the least squares method. Thus, 
Y - /3 X, 
where : 
Y^nxl) " column vector of adjusted means of each entry, obtained 
in the combined lattice analysis of variance; 
^(pxl) " column vector of unknown genetic parameters; and 
^(nxp) " M&trix of coefficients appearing in the linear 
combination of 'p' parameters coresponding to the genetic expectation of 
the 'n' populations. 
If X'X is nonsingular: 
b - (X'X)-l X'Y. 
The matrix of variances and covariances for b is 
V(b) - (X'X)"1, 
where : 
- MS(VxE)/re, 
where MS(VxE) is the entry x environment mean square. 
Since the X'X matrix obtained from the entries included in this 
study was singular, the parameters DLII' and DLI'I were not estimable. 
Consequently, a new parameter, 'DLII', was defined as a linear function 
of DLII' and DLI'I as follows: 
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'DLII' - DLII' + DLI'I 
- Ap(p - r)[d] + Ar(r - p)[d] 
- (Ap - Ar)(p - r)[d]. 
The genetic expectations of the populations and population crosses 
Included in this study are shown in Table 1. 
Heterosis and Inbreeding Depression 
Midparent heterosis in absolute terms, (Fj^ - MP), after 'c'cycles 
of selection can be expressed as a linear function of the Smith's 
parameters by replacing and MP for their genetic expectations as 
follows : 
Hg - (0.5(AOI+AOI')+DOI+DOI'+HII'+(c)(ALI+ALI'+DLI+DLI') 
+2(c)'DLII'+2(C2)HQII') 
-{0.5(A0I+A0I')+(c)(ALI+ALI')+DOI+DOI'+(c)(DLI+DLI') 
+(C2)(DQI+DQI')) 
- HII' + 2(c)'DLII' + 2(c2)HQII' - (c2)(DQI + DQI'). 
The heterosis between the original populations is HII'; 
consequently, the change in heterosis after c cycles of selection is: 
AH - He - HII' - 2(c)'DLII' + 2(c2)HQII' - (c2)(DQI + DQI') 
- 2(c)(Ap-Ar)(p-r)[d] + 2(c^)(ApAr)[d] 
-(c2)[(Ap)2 + (Ar)2][d] 
- 2(c)[(Ap-Ar)(p-r)][d] - (c^)[(Ap-Ar)^][d]. 
The change in heterosis can be expressed as a function of a linear 
component and a new quadratic component, as follows: 
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Table 1. Genetic expectations of the mean of the populations included 
in this study expressed as a linear combination of the Smith's 
parameters* 
AOI + 2 DOI 
YloGc AOI + DDI 
"^IC AOI + 2 DOI + 2 (C) ALI + 2 (C) DLI + 2 (0%) DQI 
Yic@ AOI + DOI + 2 (C) ALI + (C) DLI + (0%) DQI 
^10 ^  "^IC AOI + 2 DOI + (C) ALI + (C) DLI 
Yjo X Yi'c 0.5 (AOI + AOI') + DOI + DOI' + HII' 
^IC ^  "^I'C 0.5 (AOI + AOI') + DOI + DOI' + HII' + (C) (ALI + ALI') 
+ (C) (DLI + DLI') +2 (C) 'DLII' + 2 (cf) HQII' 
[Yic X Ypc]@ 0.5 (AOI +AOI') +0.5 (DOI + DOI') + (C)(ALI + ALI') 
+ HII' +0.5 (C) (DLI +DLI') + (C) 'DLII' + (c2)HQII' 
*See text for explanation of parameters. Genetic expectations for the 
crosses between inbred lines (as tester) and populations are: 
Yjo X T - TO 
YJQ X T - to + (C)ALI + (C)DLI + 2 (C)'DLIT. Parameter TO is represented 
in the text as B73, B79, B77 and Mol7, depending on the tester. 
^First subscript identifies the population, and the second subscript 
the cycle of selection. 
^Bulk of seeds. 
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AH - 2(c)'DLII' - (c2)DQII', 
where : 
DQII' - (Ap-Ar)^[d] - DQI + DQI' - 2 HQII'. 
Thus, the genetic expectation of the mean of a cross between two 
populations after 'c' cycles of reciprocal selection can be expressed 
also as: 
^II'c • 0-5<AOI+AOI')+DOI+DOI'+HII'+(C)(ALI+ALI'+DLI+DLI') 
+(c2)(DQI+DQI')+2(c)'DLII'-(c2)DQII'. 
Theoretically, the linear component of the change in heterosis 
('DLII') will be zero if 1) no directional dominance, 2) no initial 
genetic divergence, 3) cancelling effect of changes in gene frequency 
over all loci controlling the trait, and 4) any combination of above. 
The first two alternatives could be discarded if HII' is not equal to 
zero. 
The quadratic component of the change in heterosis (HQII') can be 
zero under several circumstances (Tanner and Smith, 1987). The second 
and third term included in DQII' represent the genetic drift effect on 
both parental populations due to small effective population size. DQI 
and DQI' should be considered as the contribution of the restitution of 
frequency of heterozygotes to the mean of the interpopulational cross, 
which had been previously lost in the parental populations because of 
genetic drift. 
Inbreeding depression in absolute units (ID) in terms of Smith's 
parameters is: 
ID - Yjq • - [AOI + 2D0I] - [AOI + DOI] - DOI, 
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as was mentioned before. 
When calculated for an interpopulation cross, the inbreeding 
depression is: 
ID - 0.5(DOI + DOI') + 0.5 (c)(DLI +DLI') + (c)'DLII' + (c2)HQII'. 
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Ames, la., 1987. Adjusted means. 
PLANTS ROOT STALK DROP POLLEN EAR 
PEDIGREE ENTRY YIELD PER HA MOIST LODGED LODGED EARS SHED HEIGHT PI 
Q/HA X1000 X X X X DAYS CM 
BS10CO 1 67.0 60.2 16.1 5.9 21.1 0.0 69.0 128.2 93.4 
BS10(FR)C2 2 64.9 60.6 15.6 0.0 9.3 0.0 66.7 116.9 127.8 
8S10(FR)C4 3 79.4 62.2 16.1 1.3 4.2 1.3 68.0 133.2 126.0 
BS10(FR)C6 4 92.9 55.0 18.2 3.5 6.6 0.0 70.3 134.3 132.7 
BS10(FR)C8 5 80.0 54.2 16.6 0.0 5.0 0.0 69.3 117.8 125.3 
BS11C0 6 84.0 59.0 20.7 13.1 16.8 0.7 70.3 139.5 111.3 
BS11<FR)C2 7 81.5 60.6 18.0 6.6 7.2 0.0 69.0 130.1 113.7 
BS11(FR)C4 8 68.1 59.8 17.4 8.0 15.5 0.7 69.7 134.9 115.3 
BS11(FR)C6 9 89.0 54.6 17.7 0.6 3.6 0.0 68.0 124.6 133.4 
BS11(FR)C8 10 85.2 60.2 17.1 0.6 6.0 0.7 68.7 128.8 127.6 
BSIOCOxBSIICO 11 75.9 61.8 18.6 1.9 14.2 0.6 69.3 135.9 107.9 
BS10(FR)C2XBS11(FR)C2 12 76.7 61.4 16.7 0.0 10.1 0.0 67.3 134.0 124.0 
BS10(FR}C4xBSl1(FR)C4 13 89.9 59.4 17.6 1.3 11.0 0.7 68.0 139.1 131.3 
BSlO(FR}C6xBS11(FR)C6 14 84.3 61.0 16.8 1.3 6.7 0.0 67.3 134.4 124.5 
BS10(FR)C8XBS11(FR)C8 15 103.7 61.8 14.9 0.6 6.0 1.3 68.3 140.4 139.0 
8S10C0XBS10(FR)C2 16 63.1 61.8 15.3 1.9 12.2 0.6 68.0 129.9 104.7 
BS10COxBSlO(FR)C4 17 64.3 58.6 18.0 0.0 16.3 0.0 68.3 135.7 109.5 
BSl0C0xBS1D(FR)C6 18 90.8 54.2 17.5 3.3 16.1 0.0 68.7 130.1 111.7 
B$10COxBS10(FR}C8 19 72.0 60.2 16.6 3.3 6.3 0.7 68.0 122.0 110.0 
BS11CDXBS11(FR)C2 20 80.7 57.0 17.1 5.6 18.5 0.0 69.0 128.7 121.3 
BS11C0xBS11(FR)C4 21 84.8 59.8 18.3 4.0 12.7 1.4 69.0 136.3 112.7 
BSl1C0xBS1UFR)C6 22 87.5 55.4 18,9 0.0 8.7 0.8 69.0 140.8 121.8 
BS11C0xBS11(FR)C8 23 94.3 59.4 19.4 6.0 7.4 0.0 69.7 144.0 114.2 
B77xBS10CO 24 69.3 59.4 16.6 0.0 7.0 0.0 67.7 127.4 108.0 
B77xBS10(FR)C2 25 60.0 61.0 16.0 2.0 11.9 0.0 68.0 136.4 104.1 
B77xBS10(FR)C4 26 74.2 60.2 19.2 3.2 13.6 1.3 69.0 136.8 122.4 
B77XBS10(FR)C6 27 87.1 59.4 19.0 4.6 9.5 0.0 69.3 130.9 115.7 
B77XBS10(FR)C8 28 87.8 61.4 16.5 3.8 4.4 1.3 68.3 130.6 122.6 
MO17xBS10C0 29 79.4 60.6 16.0 0.0 10.2 1.3 67.7 121.0 99.6 
M017XBS10(FR)C2 30 81.0 61.0 15.2 0.0 5.6 0.0 67.0 128.7 105.0 
M017XBS10(FR)C4 31 93.1 59.8 16.7 0.0 3.3 0.7 67.0 128.5 109.2 
M017XBS10(FR)C6 32 97.8 51.0 17.8 3.8 5.8 1.3 69.7 132.0 115.0 
M017XBS10(FR)C8 33 97.7 59.4 17.2 0.0 0.0 0.0 66.7 111.8 108.5 
B79XBS11C0 34 92.2 60.6 21.8 0.0 4.6 0.0 69.0 134.0 114.1 
B79xBS11(FR)C2 35 99.3 59.4 18.4 1.3 7.3 0.7 69.0 129.8 116.2 
B79xBS11(FR}C4 36 89.0 60.2 18.9 4.6 7.3 0.0 70.3 139.6 109.4 
B79xBS11(FR)C6 37 91.8 57.0 19.1 0.8 4.7 0.0 70.0 136.1 123.2 
B79xBS11(FR}C8 38 106.9 61.8 18.6 1.3 3.0 0.0 70.0 140.1 125.3 
B73XBS11C0 39 96.9 60.6 17.5 2.6 6.2 0.0 68.3 130.7 115.0 
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PEDIGREE ENTRY 
PLANTS ROOT STALK DROP POLLEN EAR 
YIELD PER HA HOIST LODGED LODGED EARS SHED HEIGHT PI 
Q/HA X1000 X % X X DAYS CM 
B73xBS11(FR)C2 40 102.2 58.6 19.0 2.0 9.4 1.3 67.3 128.1 108.3 
B73XBS11(FR)C4 41 94.8 58.6 16.9 1.4 3.7 0.0 68.3 137.9 115.7 
B73xBS11(FR)C6 42 110.2 62.2 17.4 1.3 1.2 0.0 67.3 125.6 120.0 
B73xBS11(FR)C8 43 114.0 58.6 18.4 5.3 5.2 0.0 68.3 143.8 119.1 
BSIOCOa 44 46.0 59.0 17.3 0.0 10.3 0.6 69.7 113.8 88.6 
BS10(FR)C2a 45 46.6 59.0 15.9 2.0 10.0 1.9 69.0 119.3 107.6 
BSlO(FR)C4a 46 44.3 60.6 16.0 0.0 10.4 0.7 69.7 125.2 96.7 
BSlO(FR)C£a 47 55.4 58.2 19.5 1.5 6.4 0.7 71.0 119.8 103.7 
BsiO(FR)caa 48 50.1 61.0 17.2 0.0 9.2 0.0 70.7 115.7 118.6 
Bsncoa 49 30.3 52.6 19.4 8.7 7.3 0.6 73.0 119.6 70.9 
6Sl1(FR}C2a 50 46.1 61.0 16.4 3.3 5.3 0.0 71.0 124.8 101.2 
BSl1(FR)C4a 51 41.0 58.6 17.6 2.7 9.0 0.7 71.0 113.6 81.9 
BSl1(FR)C6a 52 50.9 59.0 16.6 1.3 6.8 0.0 71.7 121.9 110.9 
BSl1(FR)C8a 53 61.7 58.6 17.2 3.7 8.7 1.5 70.7 122.7 114.3 
BSIOCOxBSllCOa 54 42.4 61.0 17.6 13.8 12.7 0.6 69.3 108.2 99.0 
BS10(FR)C2xBS11(FR)C2a 55 56.8 54.6 18.5 6.1 6.4 0.6 71.7 118.1 101.6 
BS10(FR)C4xBS11(FR)C4a 56 58.3 55.8 17.9 1.4 7.6 0.0 71.0 125.7 114.1 
BS10<FRXC 
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Ankeny, la., 1987. Adjusted means 
PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA HOIST LODGED LODGED EARS 
Q/HA X1000 X % % % 
BS10CO 1 55.1 58.6 20.8 0.7 13.3 0.7 
BS10(FR)C2 2 57.5 51.4 15.4 2.4 21.9 0.0 
BS10(FR)C4 3 67.1 60.6 16.9 4.6 11.1 2.5 
BS10(FR}C6 4 61.9 57.0 17.9 10.4 5.6 0.0 
BS10(FR)C8 5 61.7 57.8 17.4 0.0 9.8 0,8 
BS11C0 6 57.2 59.8 21.3 5.3 13.0 2.2 
BS11(FR)C2 7 66.6 59.0 18.0 5.9 10.8 2.7 
BS11(FR)C4 8 66.8 60.6 18.0 9.9 5.6 0.5 
SS11(FR)C6 9 62.0 59.4 17.7 4.8 9.7 0.8 
BS11(FR)C8 10 74.0 61.0 17.2 2.6 10.8 0.0 
BSIOCOxBSIICO 11 57.5 57.8 19.7 1,4 15.9 0.7 
BSlO(FR)C2xBS11(FR)C2 12 70.4 58.2 17.3 2.8 10.1 0.1 
6S10(FR>C4xBS11(FR)C4 13 80.9 59.8 16.9 0.0 9.6 0.7 
BS10(FR)C6xBS11(FR}C6 14 82.4 60.6 17.2 13.1 8.0 0.1 
BS10(FR)C8KBS11(FR>C8 15 86.0 60.2 18.5 2.6 8.2 0.0 
BSl0C0xBS10(FR)C2 16 59.8 56.6 16.4 4.4 13.9 1.4 
BS10COxBSlO(FR)C4 17 69.2 57.4 17.5 6.2 8.8 0.7 
BS10C0xBS10(FR)C6 18 77.5 58.6 17.7 3.9 15.6 1.6 
BSl0C0xBS10(FR)C8 19 71.3 59.4 17.2 1.9 5.4 1.3 
BS11CDXBS11(FR)C2 20 63.4 57.8 18.6 1.4 16.9 1.5 
BS11C0xBS11(FR)C4 21 70.3 59.0 19.6 10.5 16.2 0.0 
BS11C0xBS11(FR)C6 22 81.0 58.2 19.1 6.2 12.2 1.5 
BS11C0XBS11(FR)C8 23 87.4 60.6 19.0 6.7 11,5 1.9 
B77XBS10C0 24 69.2 53.0 18.1 3.9 20.4 0.1 
B77xBSlO(FR)C2 25 74.0 57.8 19.9 0.7 18.6 1.4 
B77XBS10(FR)C4 26 82.4 58.2 19.5 0.7 9.0 0.0 
B77XBS10(FR)C6 27 75.1 58.6 20.4 0.7 8.5 2.6 
B77XBS10(FR)C8 28 87.1 57.0 17.9 3.5 9.2 2.4 
M017XBS1QCO 29 77.2 61.8 16.1 3.2 9,2 1.8 
M017xBS10(FR)C2 30 75.3 59.0 15.8 0.0 13.8 0.5 
N017xBS10(FR)C4 31 84.9 58.2 16.9 0.7 5.5 0.0 
M0l7xBS1D<FR)C6 32 82.2 58.6 17.7 1.3 8.0 0.7 
H017xBS10(FR)C8 33 88.4 61.0 17.0 1.9 4.1 1.1 
B79XBS11C0 34 69.6 59.4 19.8 8.5 13.0 1.6 
B79xBSl1<FR)C2 35 81.7 58.2 19.3 2.1 17,8 0.6 
B79xBSl1<FR>C4 36 74.9 58.2 20.7 10.2 7,6 0.0 
B79xBSl1(FR)C6 37 73.6 60.2 18.7 2.7 11.2 3.2 
B79xBSl1<FR)C8 38 81.5 58.6 19.7 2.0 13.7 0.0 
B73xBSllC0 39 81.8 58.6 18.5 2.0 18.5 0.0 
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PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA HOIST LODGED LODGED EARS 
Q/HA X1000 X % % % 
B73xBS11(FR)C2 40 78.7 59.8 18.1 14.3 9.8 0.7 
B73xBS11(FR)C4 41 105.2 61.0 18.9 2.6 7.1 1.4 
B73xBS11(FR)C6 42 89.6 59.4 18.4 11.0 7.5 1.9 
B73xBS11(FR)C8 43 99.9 59.4 17.4 3.4 7.5 0.8 
Bsiocoa 44 30.8 57.8 17.5 0.0 17.2 3.6 
BS10(FR)C2a 45 39.7 58.2 15.3 8.8 14.2 0.6 
BS10(FR>C4a 46 42.1 60.6 16.9 3.2 15.8 0.2 
BS10(FR)C68 47 36.7 55.0 18.0 1.5 19.1 0.2 
BS10(FR)C8a 48 48.2 59.0 16.7 2.1 8.8 2.0 
BSiicoa 49 30.2 55.0 19.3 7.8 14.0 2.9 
BSl1(FR)C2a 50 46.4 59.0 18.2 4.2 8.9 0.8 
BSl1(FR}C4a 51 40.1 58.2 17.7 8.2 8.4 1.5 
BS11(FR)C6a 52 44.9 54.6 17.7 1.5 13.6 0.0 
BS11(FR)C8a 53 45.3 57.0 18.7 2.1 5.0 1.6 
BsiocoxBsncoa 54 36.2 53.0 18.2 14.9 9.6 0.0 
BS10(FR}C2xBS11(FR)C2S 55 43.5 59.8 20.2 3.2 16.6 2.7 
BS10(FR)C4xBS11(FR)C4a 56 47.0 55,4 17.4 11.1 11.7 0.1 
BS10(FR}C6xBS11(FR)C6a 57 57.6 59.8 17.2 14.9 8.4 0.0 
BSlO(FR)C8xBS11(FR)C8a 58 53.8 55.0 17.3 2.9 13.S 0.0 
B73XH017 59 95.8 56.6 18.0 9.4 4.0 2.2 
B73xH017a 60 60.4 57.0 18.3 11.8 4.7 0.7 
B77XM017 61 85.9 59.0 20.9 0.0 3.2 0.5 
B77xM017a 62 44.1 41.5 23.5 0.0 8.0 2.6 
B73XB79 63 94.8 59.8 19.9 3.9 14.0 0.0 
B73xB79a 64 57.8 54.6 18.5 3.1 4.4 0.0 
EXPERIMENT MEAN 67.2 58.0 18.3 4.7 11.0 1.0 
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Boone, la., 1987. Adjusted means. 
PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA MOIST LODGED LODGED EARS 
Q/HA X1000 % % % % 
BS10C0 1 68.6 61.8 23.1 3.6 25.4 3.1 
BS10(FR)C2 2 70.8 59.0 21.9 2.7 18.4 0.0 
BS10(FR)C4 3 76.8 61.4 23.5 3.3 19.8 1.2 
BS10(FR)C6 4 74.4 63.0 25.0 3.8 13,3 1.3 
BS10(FR)C8 5 76.4 59.8 23.2 2.2 14.7 0.6 
BS11C0 6 72.7 59.0 27.6 15.6 18.1 1.3 
BS11(FR)C2 7 70.0 60.6 23.8 14.1 14.3 1.3 
BS11(FR)C4 8 68.2 63.4 24.2 7.6 17.6 1.3 
BS11(FR)C6 9 79.1 60.2 22.5 0.9 13.5 0.6 
BS11(FR)C8 10 76.6 57.8 24.6 4.4 15.5 1.4 
BSlOCOxBSliCO 11 73.0 60.2 24.3 13.0 22.9 1.3 
BS10(FR)C2xBSl1(FR)C2 12 87.8 62.6 23.0 2.3 17.8 1.8 
BS10(FR)C4xBSl1(FR)C4 13 87.1 63.0 23.1 5.7 15.7 1.8 
BS10(FR)C6xBS11(FR}C6 14 94.1 53.8 24.3 0.5 14.4 1.6 
BS10(FR)CSXBS11(FR}C8 15 96.5 59.8 22.1 5.0 10.7 1.3 
BS10C0xBS10(FR)C2 16 76.8 61.0 22.3 0.6 15.9 0.7 
BS10COxBS10(FR)C4 17 63.0 62.2 22.4 4.7 16.1 3.3 
BS10C0xBSl0(FR)C6 18 83.5 61.8 22.4 3.9 19.9 1.2 
BSl0C0xBS10(FR}C8 19 79.9 59.4 23.8 2.3 12.3 0.7 
BS11C0xBS11(FR}C2 20 68.4 59.8 25.0 9.0 18.8 1.4 
BS11C0xBS11(FR)C4 21 71.2 55.8 25.8 4.2 19.6 0.0 
BSl1C0xBS11(FR}C6 22 80.3 61.0 24.7 6.0 18.1 2.6 
BS11C0xBS11(FR)Ca 23 91.2 55.4 25.1 6.6 15.4 0.8 
B77XBS10C0 24 78.9 58.2 23.2 3.3 25.2 1.4 
B77xBS10(FR)C2 25 87.5 59.4 24.4 0.7 15.7 3.3 
B77xBS10(FR)C4 26 78.0 59.8 25.0 7.0 17.8 3.3 
B77XBS10(FR)C6 27 77.3 62.2 26.1 3.5 19.5 1.9 
B77X8S10(FR)C8 28 95.8 62.6 26.1 2.2 9.1 0.0 
MO17XBS10C0 29 94.4 59.0 22.1 0.5 7.8 2.8 
M017XBS10<FR)C2 30 87.6 57.8 22.4 0.2 17.2 1.3 
H017xBS10(FR)C4 31 97.1 57.4 23.9 0.0 12.6 0.7 
H017xBS10(FR)C6 32 89.0 60.6 23.9 0.0 11.5 2.0 
H017xBS10(FR)C8 33 91.5 58.2 23.1 0.7 6.3 0.0 
B79xBS1lC0 34 82.3 59.4 27.0 6.5 16.1 0.7 
B79xBSl1(FR}C2 35 93.2 61.8 25.3 5.5 17.2 1.3 
B79xBS11(FR)C4 36 94.8 59.4 25.1 11.0 16.3 0.0 
B79xBS11(FR)C6 37 89.5 59.8 27.1 0.8 11.2 1.3 
B79xBS11(FR)C8 38 89.3 59.4 26.0 2.0 18.9 0.6 
B73XBS11C0 39 100.3 64.6 22.5 5.9 10.7 0.6 
POLLEN EAR 
SHED HEIGHT PI 
DAYS CM 
75.0 134.8 87.9 
71.5 122.1 102.8 
75.2 135.6 106.2 
75.8 138.3 109.6 
74.3 122.3 113.1 
75.8 146.4 95.5 
74.7 134.6 98.1 
75.5 140.6 99.6 
73.7 119.8 109.8 
75.6 136.2 116.4 
75.0 142.6 91.8 
73.2 131.2 111.4 
74.7 133.2 106.5 
73.7 134.0 120.1 
73.9 140.7 114.7 
73.1 127.0 96.4 
73.5 132.3 90.4 
74.3 141.0 90.5 
75.0 125.7 104.7 
74.8 142.4 99.5 
74.5 141.0 100.0 
74.3 142.1 101.9 
75.9 140.3 96.0 
74.4 136.6 100.9 
74.0 134.1 110.7 
75.2 138.5 104.3 
76.5 140.0 105.0 
74.7 130.0 108.5 
72.8 120.2 101.1 
72.0 124.5 96.8 
72.7 121.8 101.3 
72.5 122.6 97.5 
72.9 114,2 104.5 
75.5 139.3 104.8 
73.9 134.4 110.3 
74.6 137.0 107.4 
74.6 124.4 109.1 
73.9 130.5 104.8 
74.7 136.3 98.2 
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PEDIGREE 
PLANTS ROOT STALK DROP POLLEN EAR 
ENTRY YIELD PER HA MOIST LODGED LODGED EARS SHED HEIGHT PI 
Q/HA XI000 % % % % DAYS CM 
B73xBS11<FR)C2 40 99.1 65.4 25.4 13.8 11.8 0.7 73.7 133;9 112.9 
B73xBSl1(FR)C4 41 95.3 61.0 23.3 9.4 10.6 1.3 74.0 141.2 105.8 
B73xBS11(FR)C6 42 93.3 58.6 23.5 9.5 11.2 2.7 73.6 135.0 105.1 
B73xBS11CFR)C8 43 112.3 58.6 24.8 4.0 13.3 0.7 73.6 140.4 114.7 
Bsiocoa 44 32.5 53.8 25.4 0.9 16.5 0.7 75.9 113.6 83.8 
BS10(FR)C2a 45 45.6 56.6 21.8 4.0 29.6 1.3 74.8 128.1 92.7 
BS10(FR)C4a 46 45.8 55.0 23.2 4.9 20.9 0.8 77.0 118.9 99.6 
BS10(FR)C6a 47 47.7 54.6 23.4 12.8 15.3 2.2 77.5 123.5 93.4 
BS10(FR)C8a 48 51.9 57.8 23.3 7.6 19.8 1.3 75.3 126.3 99.2 
Bsiicoa 49 32.6 54.6 26.7 9.2 14.0 0.8 77.6 124.7 60.1 
BS11(FR)C2a 50 46.6 57.0 23.9 6.0 16.3 1.3 77.2 133.1 88.7 
BSl1(FR)C4a 51 45.1 59.4 26.1 14.7 15.0 2.0 76.9 121.0 85.1 
BSl1(FR)C6a 52 53.9 59.8 22.0 6.2 14.2 1.3 75.7 120.4 94.5 
BS11(FR}C8a 53 46.3 59.0 24.8 8.6 8.3 1.4 77.7 126.3 90.8 
BsiocoxBsncoa 54 45.0 54.6 23.5 6.5 21.4 0.7 75.7 124.3 83.2 
BS10(FR)C2xBS11<FR>C2a 55 45.2 60.2 23.1 10.4 22.4 0.6 75.9 127.0 89.8 
BS10(FR)C4xBS11(FR)C4a 56 52.3 55.4 25.2 6.1 13.0 3.7 76.8 123.2 101.5 
BSlO(FR)C6xBSl1(FR}C6a 57 54.0 57.0 26.4 19.1 12.1 0.7 75.7 126.1 93.9 
BS10(FR)C8xBS11(FR)C8a 58 68.7 56.6 24.3 5.4 16.4 0.6 76.0 127.8 109.9 
B73XH017 59 101.0 56.2 25.8 6.0 0.9 1.4 74.0 134.2 100.4 
B73xM017a 60 55.5 57.8 21.9 5.7 5.6 4.1 74.5 116.6 87.8 
B77XM017 61 89.3 59.8 24.7 0.0 2.7 2.7 73.3 118.2 98.0 
B77xM017a 62 51.5 54.2 25.8 0,7 8.2 1.4 77.7 115.3 76.0 
B73XB79 63 103.1 61.4 27.1 2.1 6.9 1.2 74.7 132.9 103.2 
B73xB79a 64 68.9 59.4 25.8 9.9 8.2 1.4 76.4 121.5 99.4 
EXPERIMENT MEAN 75.0 59.1 24.3 5.6 14.9 1.4 74.8 130.3 99.4 
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Martinsburg, la., 1987. Adjusted means. 
PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA MOIST LOOSED LODGED EARS 
0/HA X1000 % X X % 
BS10C0 1 34.7 59.4 15.4 10.5 23.6 
4.5 
BS10(FR}C2 2 34.6 57.0 14.3 3.5 49.0 0.0 
BS10(FR)C4 3 43.5 60.2 16.6 10.3 24.5 4.2 
BS10(FR)C6 4 41.1 61.0 15.7 0.4 22.6 5.5 
BS10<FR)C8 5 48.5 59.0 16.0 3.0 23.8 1.9 
BS11C0 6 35.5 60.2 18.2 11.7 50.3 
2.7 
BS11(FR)C2 7 47.8 61.4 15.6 9.0 21.1 6.6 
BS11(FR)C4 8 43.6 61.8 15.7 8.4 21.1 4.2 
8S11(FR)C6 9 52.4 58.6 15.0 7.9 17.7 4.0 
BS11(FR}C8 10 45,9 58.2 15.2 2.6 22.4 3.8 
BS10C0XBS11C0 11 32.0 61.0 17.3 8.2 44,7 2.0 
BSlO<FR>C2xBSl1<FR)C2 12 46.1 60.2 16.2 3.7 40.9 1.5 
BS10(FR)C4xBS11(FR)C4 13 45.4 58.6 16.2 9.7 29.4 5.7 
BS10(FR)C6xBSl1(FR)C6 14 55.6 61.0 16.0 8.1 23.6 2.7 
BS10(FR)C8XBS11(FR)C8 15 63.3 60.6 15.8 2.3 9.0 2.6 
BSl0C0xBSl0(FR)C2 16 43.5 61.4 15.4 2.9 39.5 2.8 
BSlOCOxBSlO(FR)C4 17 42.3 57.8 16.2 7.7 30.9 3.5 
BSl0C0xBS10(FR)C6 18 50.5 61.8 15.5 5.5 30.3 3.7 
BS10COXBS10(FR}C8 19 42.5 58.2 15.5 7.0 41.8 3.0 
BS11C0xBS11(FR)C2 20 51.4 58.2 17.1 4.5 35.1 0.7 
BS11C0XBS11(FR}C4 21 39.2 61.0 16.7 11.4 41.5 2.9 
BSl1C0xBS11(FR)C6 22 54.8 59.8 16.7 8.8 32,0 4.1 
BS11C0XBS11(FR)C8 23 52.9 60.6 17.2 4.7 15.8 1.4 
B77XBS10C0 24 38.7 59.0 16.0 0.1 35.1 8.8 
B77xBS10<FR)C2 25 34.8 58.6 16.8 3.3 36.3 8.4 
B77xBS10<FR)C4 26 35.5 57.8 16.6 1.2 35.5 7.6 
B77XBS10(FR)C6 27 45.1 59.4 16.4 5.3 24.6 1.7 
B77XBS10(FR>C8 28 42.5 59.4 15.3 0.6 42.4 5.3 
MOl7xBS10C0 29 51.8 61.0 16.1 0.0 36.2 3.7 
MOl7xBSlO(FR)C2 30 56.3 60.6 15.5 0.6 42.7 1.5 
M017XBS10<FR)C4 31 51.2 60.2 15.3 0.7 44.0 1.7 
M017XBS10<FR)C6 32 61.0 60.6 16.5 1.4 29.4 2.0 
M017XBS10(FR)C8 33 64.8 61.4 15.0 4.4 22.3 3.6 
B79XBS11C0 34 54.4 56.2 19.0 1.6 45.1 1.9 
B79xBS11(FR)C2 35 59.5 62.2 16.2 3.7 29.3 0.8 
B79XBS11(FR)C4 36 55.2 61.4 17.1 1.4 26.6 3.2 
B79xBS11<FR>C6 37 52.3 59.8 16.8 1.9 28.1 1.6 
B79XBS11<FR)C8 38 65.4 61.0 16.5 0.2 38.4 3.3 
B73XBS11C0 39 66.7 59.0 16.4 10.2 18.1 1.2 
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PEDIGREE 1 ENTRY YIELD 
/
PLANTS 
PER HA MOIST 
ROOT 
LODGED 
STALK 
LODGED 
DROP 
EARS 
Q/HA X1000 % % % X 
B73xBS11(FR}C2 40 69.3 58.6 16.1 8.5 21.4 1.6 
B73xBS11(FR)CA 41 57.6 60.2 16.4 5.9 13.5 5.1 
B73xBSl1(FR)C6 42 64.9 60.6 16.0 8.2 8.5 5.0 
B73xBS1UFR>C8 43 69.3 62.2 16.9 1.1 11.6 2.4 
Bsiocoa 44 21.3 56.2 14.6 0.0 35.4 4.5 
BSlO(FR)C2a 45 23.1 61.8 15.3 9.5 26.1 3.0 
BS10(FR)C4a 46 28.7 55.8 15.5 3.2 42.8 4.6 
BS10(FR)C6a 47 27.0 55.4 16.1 7.9 14.3 2.5 
BS10(FR}C8a 48 32.0 59.4 14.9 6.4 10.7 3.7 
Bsiicoa 49 23.3 58.2 16.0 9.5 20.2 1.9 
BS11(FR)C2a 50 29.4 58.2 15.4 6.5 22.8 1.5 
BSl1(FR)C4a 51 26.3 58.6 15.3 6.4 22.8 0.4 
BSl1(FR)C6a 52 28.2 55.8 15.4 13.7 16.1 0.8 
BS11(FR)C8a 53 32.5 58.2 15.8 6.1 10.9 0.0 
BSIQCOxBSIICOa 54 22.7 58.2 16.2 7.6 37.5 2.4 
BSlO(FR)C2xBS11(FR)C2a 55 34.5 54.2 15.0 5.2 23.3 0.3 
BS10(FR)C4xBS11(FR)C4a 56 30.8 57.4 16.9 10.2 22.0 3.8 
BS10(FR)C6xBS11(FR)C6a 57 34.8 59.4 15.5 9.0 20.6 1.6 
BS10(FR)C8xBS11(FR)C8a 58 37.5 59.8 15.0 4.3 9.7 2.7 
B73XM017 59 73.1 58.6 16.3 12.9 10.0 3.7 
B73xH017a 60 39.0 58.2 14.4 9.6 11.2 4.2 
B77XM017 61 48.5 57.8 15.2 0.1 38.4 7.1 
B77xM017a 62 27.7 37.1 16.6 3.2 15.0 2.4 
B73XB79 63 63.5 61.0 18.1 0.9 5.4 2.7 
B73xB79a 64 34.5 61.4 16.2 4.0 14.0 1.9 
EXPERIMENT MEAN 44.7 59.0 16.0 5.4 26.7 3.1 
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Ames, la., 1988. Adjusted means. 
PEDIGREE ENTRY YIELD 
PLANTS 
PER HA HOIST 
ROOT 
LODGED 
STALK 
1 LODGED 
DROP 
EARS 
POLLEN 
SHED 
EAR 
HEIGHT PI 
Q/HA X1000 % X % % DAYS CM 
BSIOCO 1 17.4 55.8 19.8 0.7 11.1 0.0 76.3 99.8 62.1 
BS10(FR)C2 2 19.6 57.4 16.3 0.0 16.8 0.8 75.6 100.9 81.3 
BS10(FR)C4 3 30.8 58.6 19.1 0.0 25.4 0.0 77.0 112.3 95.3 
BS10(FR)C6 4 24.8 57.4 23.2 1.3 16.3 0.7 78.0 100.6 84.7 
BS10(FR}C8 5 28.3 62.2 16.9 0.0 16.2 0.0 77.0 104.0 94.4 
BS11C0 6 22.2 53.0 22.3 3.1 25.1 0.0 78.9 106.5 67.8 
BS11(FR)C2 7 26.5 63.4 19.6 0.0 19.8 0.0 73.7 105.8 77.0 
BS11(FR)C4 8 23.2 60.6 20.2 1.4 14.8 0.7 76.7 99.7 83.5 
BS11(FR)C6 9 26.1 59.0 19.2 0.0 11.3 0.7 76.1 100.1 83.4 
BS11(FR)C8 10 30.2 60.2 22.8 0.0 11.8 0.0 76.7 99.0 86.9 
BSlOCOxBSIICO 11 22.3 59.8 22.2 2.9 20.1 0.0 76.7 105.2 74.0 
BS10(FR)C2xBSl1(FR)C2 12 34.6 61.0 19.1 0.1 14.7 0.0 75.1 104.4 89.9 
BS10(FR)C4XBS11(FR}C4 13 29.7 61.8 20.4 0.8 18.8 0.7 76.0 107.7 92.1 
BSlO(FR}C6xBSl1(FR)C6 14 38.7 60.6 20.3 0.2 19.2 0.0 76.6 105.1 101.2 
BS10(FR)C8XBS11(FR}C8 15 46.3 61.4 20.7 0.0 22.0 0.7 75.3 110.5 103.4 
BS10COxBSlO(FR)C2 16 22.5 61.0 19.2 0.6 21.0 0.0 75.3 104.7 83.0 
BS10COxBS10(FR)C4 17 23.3 60.2 20.3 0.6 22.6 0.0 75.9 109.2 73.6 
BS10C0xBS10(FR)C6 18 34.3 58.2 19.2 0.0 20.6 0.0 77.0 105.0 83.0 
BS10COxBS1O(FR)C8 19 32.4 60.6 18.7 1.2 14.3 0.0 75.4 104.9 85.1 
BSllC0xBSl1(FR)C2 20 27.8 58.6 20.9 0.4 17.0 0.0 77.3 106.7 77.1 
BS11C0xBSl1(FR)C4 21 25.1 65.0 23.8 0.1 24.7 0.0 77.7 102.6 76.5 
BSllC0xBS11(FR)C6 22 31.4 59.0 20.4 0.0 21.4 0.0 77.0 110.3 80.5 
BS11C0xBS11(FR)C8 23 33.5 59.8 22.0 1.3 22.3 0.7 77.3 112.6 82.4 
B77XBS10C0 24 22.3 58.2 18.4 0.0 22.7 0.0 74.3 95.4 80.3 
B77XBS10CFR)C2 25 31.0 63.8 18.5 0.6 30.8 0.6 74.7 103.4 88.1 
B77xBS10<FR)C4 26 27.6 57.0 20.0 0.2 23.9 2.2 76.0 102.2 89.8 
B77XBS10(FR>C6 27 32.9 59.0 23.2 0.0 11.9 0.0 77.0 98.8 95.0 
B77XBS10(FR>C8 28 27.6 57.4 19.2 0.1 17.7 0.0 76.7 97.4 88.1 
MO17XBS10C0 29 30.5 57.0 18.6 0.1 6.4 0.0 74.7 99.0 79.3 
M017XBS10(FR)C2 30 38.9 58.6 17.0 0.7 7.3 0.7 74.0 107.3 81.8 
H017XBS10(FR)C4 31 39.0 58.6 17.2 0.0 8.8 0.0 73.7 105.0 94.1 
M017xBS10(FR)C6 32 39.9 58.6 20.8 0.5 11.0 0.7 74.0 96.9 92.0 
N017XBS10(FR)C8 33 42.4 60.6 16.1 0.2 4.3 0.0 73.3 97.3 83.5 
B79XBS11C0 34 29.7 61.0 20.4 0.7 22.0 0.0 76.6 108.3 83.5 
B79xBS11(FR)C2 35 31.2 60.6 18.0 0.6 28.6 0.0 75.3 109.7 83.0 
B79xBSl1(FR)C4 36 32.2 63.0 19.0 0.5 12.7 0.0 76.8 108.7 82.5 
B79xBS11(FR)C6 37 24.9 58.6 19.3 1.9 35.3 0.0 76.7 115.4 80.1 
B79xBSl1(FR)C8 38 38.5 62.6 20.3 0.0 18.9 0.0 75.7 111.7 95.0 
B73XBS11C0 39 36.4 59.4 20.3 0.0 15.7 0.0 76.4 105.3 97.4 
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PEDIGREE ENTRY YIELD 
PLANTS 
PER HA HOIST 
ROOT 
LODGED 
STALK 
LODGED 
DROP 
EARS 
POLLEN 
SHED 
EAR 
HEIGHT PI 
Q/HA X1000 % % X % DAYS CM 
B73xBSl1(FR)C2 40 39.4 60.6 17.6 2.7 13.3 0.0 74.0 105.1 84.7 
B73xBSl1(FR)C4 41 35.3 61.8 20.3 0.0 15.4 0.0 76.4 107.0 92.9 
B73xBS11(FR>C6 42 40.1 61.8 18.8 0.1 8.2 0.0 75.7 104.1 90.3 
B73xBS11(FR)C8 43 42.4 63.4 21.2 0.5 13.2 0.0 75.3 109.9 98.8 
Bsiocoa 44 9.2 47.0 16.8 0.9 22.6 0.0 77.6 93.7 44.2 
BSlO(FR)C2a 45 14.7 52.2 18.0 3.3 17.5 0.0 77.9 95.0 80.5 
BSlO(FR)C4a 46 13.5 59.4 17.3 0.0 20.4 0.0 76.7 96.3 62.0 
BS10(FR)C6a 47 18.5 53.0 21.1 0.8 10.2 0.0 79.3 95.2 62.8 
BS10(FR)C8a 48 21.9 58.2 17.7 0.0 11.0 0.7 79.3 93.5 73.5 
Bsiicoa 49 8.3 44.3 20.4 1.3 10.7 0.0 81.8 91.7 28.5 
BS11(FR)C2a 50 13.4 61.0 21.7 0.0 14.5 0.0 77.0 91.9 52.1 
BS11(FR)C48 51 9.9 50.2 19.6 0.8 10.2 0.0 80.4 86.6 64.0 
BS11(FR>C6a 52 17.3 56.2 16.4 0.0 21.3 0.0 79.0 95.4 74.0 
BS11(FR)C8a 53 18.0 56.2 21.6 0.9 11.3 1.4 79.6 95.9 73.0 
BS1OC0xBS11C0a 54 14.4 58.6 19.8 0.1 19.4 0.0 78.3 91.4 53.4 
BS10(FR)C2xBS11(FR)C2a 55 10.8 55.0 21.8 0.0 15.8 0.7 79.4 9%.9 54.8 
BSlO(FR)C4x8S11(FR)C4a 56 18.2 60.6 21.1 0.0 21.5 0.0 78.3 98.5 68.0 
BS10(FR)C6xBS11(FR)C68 57 16.3 58.6 21.4 0.8 15.1 0.0 77.3 95.2 71.7 
BSlO(FR)C8xBS11(FR)C8a 58 16.9 57.4 21.4 0.2 8.3 0.7 78.3 94.8 80.5 
B73XM017 59 38.5 60.2 20.3 0.0 6.9 0.0 75.3 102.6 82.5 
B73xM017a 60 23.2 58.2 16.5 0.1 3.4 0.0 75.7 94.4 61.4 
B77XH017 61 29.8 55.4 18.1 0.0 14.3 0.0 75.0 88.3 94.0 
B77xM017a 62 18.2 55.8 18.0 0.0 11.4 1.6 77.7 82.4 56.8 
B73XB79 63 35.6 61.0 19.3 1.3 14.6 0.0 76.3 111.7 94.4 
B73xB79a 64 19.8 56.6 18.5 0.8 16.3 0.7 78.3 96.8 74.4 
EXPERIMENT MEAN 26.9 58.6 19.6 0.6 16.4 0.2 76.6 101.5 74.4 
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Ankeny, la., 1988. Adjusted means. 
PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA MOIST LODGED LODGED EARS 
Q/HA X1000 X % X % 
BS10C0 1 33.7 52.6 17.0 7.3 24.7 1.0 
BS10(FR)C2 2 42.3 58.6 14.4 0.6 32.4 0.0 
BS10(FR)C6 3 43.9 63.8 16.0 2.4 19.4 0.0 
BS10(FR)C6 4 56.1 62.2 17.5 10.4 9.8 0.0 
BS10(FR)C8 5 53.1 61.8 15.2 0.0 15.3 0.1 
BS11C0 6 55.3 62.2 18.8 11.6 17.5 0.0 
BS11(FR)C2 7 53.4 57.8 17.2 2.9 25.1 0.0 
BS11<FR)C4 8 52.5 58.2 16.0 6.0 18.6 0.0 
BS11(FR)C6 9 53.8 57.4 15.6 0.0 13.7 0.1 
6S11(FR)C8 10 56.3 61.0 17.9 0.7 14.1 0.0 
BSIOCOxBSlICO 11 47.0 57.0 16.5 4.9 28.3 0.0 
BS10(FR)C2xBSl1(FR)C2 12 61.3 60.6 16.6 4.0 21.2 0.0 
BSlO(FR)C4xBS11(FR)C4 13 58.9 62.2 16.8 0.6 16.1 0.0 
BS10(FR)C6xBS11(FR)C6 14 59.4 62.2 15.7 3.1 19.6 0.0 
BS10(FR)C8XBS11(FR)C8 15 76.4 63.4 16.6 1.8 19.0 0.0 
BS10C0xBS10(FR)C2 16 43.3 62.6 15.4 1.2 21.2 0.0 
BS10COXBS10(FR)C4 17 45.2 59.4 16.9 0.6 25.0 1.0 
BS10C0xBSl0(FR)C6 18 51.8 61.0 18.3 4.5 22.6 0.0 
BSl0C0xBS10(FR}C8 19 55.8 61.0 15.3 0.7 20.2 0.0 
BS11C0xBS11(FR}C2 20 51.9 59.4 17.6 5.5 14.2 0.0 
BS11C0xBS11(FR)C4 21 49.2 61.8 17.9 1.9 26.3 0.1 
BS11C0xBSlUFR)C6 22 60.4 56.2 16.7 8.9 16.2 0.0 
BS11C0XBS11(FR)C8 23 55.2 61.8 18.7 1.3 15.0 0.1 
B77xB$10C0 24 35.6 59.8 17.1 0.0 20.9 0.0 
B77xBS10(FR)C2 25 53.9 59.4 16.7 2.8 29.3 0.1 
B77xBS10(FR)C4 26 58.4 53.4 17.7 1.4 23.0 2.4 
B77XBS10(FR}C6 27 59.2 61.8 18.7 0.0 16.7 0.8 
B77XBS10(FR)C8 28 54.4 57.8 15.7 0.0 16.9 0.0 
MO17XBS10C0 29 52.3 61.0 16.1 0.0 8.2 0.1 
M017xBS10(FR)C2 30 63.7 57.8 15.0 1.5 15.2 0.0 
H017xBS10<FR)C4 31 66.7 62.6 15.4 0.0 8.0 0.0 
M017xBS10(FR}C6 32 74.9 56.2 16.2 0.7 8.9 0.1 
M017xBS10(FR)C8 33 70.5 59.4 15.8 0.0 4.8 0.0 
B79XBS11C0 34 53.9 56.2 17.2 2.9 20.9 0.0 
B79xBS11(FR)C2 35 66.8 61.4 18,3 9.8 13.2 0.0 
B79xBS11(FR)C4 36 63.0 56.2 16.2 4.6 19.7 0.1 
B79xBS11(FR)C6 37 49.4 59.8 17.2 2.0 26.3 0.0 
B79xBS11(FR)C8 38 63.1 59.8 18.3 6.6 7.3 0.0 
B73XBS11C0 39 65.9 58.2 17.5 2.3 9.7 0.1 
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PEDIGREE ENTRY YIELD 
PLANTS 
PER HA HOIST 
ROOT 
LODGED 
STALK 
LODGED 
DROP 
EARS 
Q/HA X1000 X % % % 
B73XBS11<FR)C2 40 72.7 58.6 16.2 0.0 5.5 0 .0 
B73xBS11(FR)C4 41 72.7 64.2 17.3 2.5 5.9 0 .0 
B73xBS11(FR)C6 42 66.7 57.4 16.1 4.2 7.3 0 .0 
B73xBS11(FR)C8 43 73.0 60.2 18.5 0.0 14.6 0 .0 
Bsiocoa 44 25.3 57.4 14.9 0.7 17.8 0 .0 
BSlO(FR)C2a 45 24.0 55.8 15.8 4.4 18.1 0 .0 
BSlD(FR)C4a 46 27.8 57.8 15.1 2.0 12.4 0 .0 
BSlO(FR)C6a 47 30.3 54.6 17.2 3.1 14.5 0 .0 
BSlO(FR}C8a 48 31.7 56.2 14.6 3.5 20.0 0 .1 
Bsiicoa 49 26.4 55.4 17.1 1.3 18.0 1 .0 
BSl1(FR)C2a 50 29.8 59.4 16.9 0.7 15.0 0. 1 
BSl1(FR)C4a 51 32.9 55.8 17.5 2.8 14.8 0, .0 
BSl1(FR)C6a 52 34.4 55.4 16.4 2.2 19.5 0, .0 
BSl1(FR)C8a 53 33.6 59.0 19.0 2.1 11.1 0. 0 
BSlOCOxBSIICOa 54 22.5 57.4 16.1 4.9 22.3 0. 0 
BSlO(FR)C2xBS11(FR}C2a 55 32.9 57.0 17.3 2.6 26.2 0. 0 
BSlO(FR)C4xBSl1(FR)C4a 56 38.2 57.0 16.2 5.1 13.8 0. 0 
BSlO(FR)C6xBSl1(FR)C6a 57 35.1 54.2 16.7 8.5 16.1 0. 0 
BSlO(FR)C8xBSl1(FR)C8a 58 38.0 54.2 16.5 0.7 9.3 0. 0 
B73XM017 59 87.7 58.2 15.2 0.0 1.0 0. 0 
B73xH017a 60 44.7 58.2 15.4 0.0 4.9 0. 0 
B77XM017 61 56.4 63.8 15.8 0.0 14.5 0. 0 
B77xM017a 62 29.4 59.8 15.2 0.0 14.9 0. 0 
B73XB79 63 62.5 60.6 16.1 1.3 7.9 0. 1 
B73xB79a 64 41.0 51.4 15.9 2.0 15.2 0. 1 
EXPERIMENT MEAN 50.6 58.8 16.6 2.7 16.3 0. 1 
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Boone, la., 1988. Adjusted means. 
PLANTS ROOT STALK DROP POLLEN EAR 
PEDIGREE ENTRY YIELD PER HA 1 MOIST LODGED LODGED EARS SHED HEIGHT PI 
Q/HA X1000 % % % % DAYS CM 
BS10C0 1 34.1 57.4 23.9 5.6 28.9 0.7 82.0 104.3 87.2 
BS10(FR)C2 2 32.8 55.8 19.0 1.5 21.0 1.1 78.7 105.7 92.8 
BS10(FR)C4 3 39.9 55.4 22.3 0.9 31.0 0.0 83.2 103.2 105.3 
BS10(FR)C6 4 39.6 54.2 26.7 3.6 21.9 4.0 84.0 95.3 101.3 
BS10(FR}C8 5 38.0 53.8 21.2 3.9 25.3 1.1 80.8 98.6 111.1 
BS11C0 6 42.0 54.6 25.8 4.9 30.2 0.6 84.2 116.1 96.0 
BS11(FR)C2 7 35.9 53.0 23.6 13.8 19.4 0.6 82.2 103.2 99.5 
BS11(FR)C4 8 34.7 57.0 24.2 7.0 22.4 0.0 84.0 101.0 108.0 
BS11(FR)C6 9 42.5 61.8 21.9 9.4 12.5 1.4 81.4 95.2 108.3 
BS11(FR)C8 10 45.0 54.2 26.0 0.0 13.1 0.0 82.6 100.2 115.9 
BSIOCOXBSIICO 11 31.3 57.8 23.6 6.2 27,7 0.0 80.9 101.4 88.1 
BS10(FR)C2xBS11(FR)C2 12 44.1 57.4 22.5 1.1 26.8 1.7 81.0 98.1 112.5 
BS10(FR)C4xBS11(FR)C4 13 42.1 55.8 22.7 0.8 27.8 2.3 81.3 105.4 103.0 
BS10<FR)C6xBS11(FR)C6 14 52.6 59.8 22.9 2.5 17.5 0.0 80.8 101.9 109.9 
BS10(FR)C8XBS11(FR)C8 15 73.7 57.0 22.5 0.0 13.5 0.0 79.7 111.5 121.2 
BS10COXBS10(FR}C2 16 33.8 53.0 21.1 2.2 32.6 0.9 80.8 99.7 91.7 
BSlOCOxBS10<FR)i>V 17 37.4 52.2 21.7 4.5 31.4 1.6 80.6 105.7 97.6 
BSlOCOxBSlO(FR)C6 18 51.7 54.2 22.3 3.1 28.1 0.1 81.3 104.8 98.2 
BS10C0xBS10(FR}C8 19 33.2 58.2 20.2 11.1 26.4 0.6 ' 80.1 100.1 90.7 
BS11C0xBS11(FR)C2 20 55.0 58.6 24.8 5.9 21.8 0.0 83.1 105.3 97.4 
BS11C0XBS11(FR}C4 21 38.4 59.0 25.0 4.1 22.5 0.7 83.6 99.2 100.9 
BS11C0xBS11(FR}C6 22 40.4 59.0 22.7 8.4 18.1 0.5 82.3 103.9 98.1 
BSl1C0xBS11(FR)C8 23 46.5 59.8 24.1 2.3 14.5 1.2 83.7 106.7 86.3 
B77XBS10C0 24 45.1 58.6 25.7 1.8 23.1 0.7 80.9 105.2 102.8 
B77xBS10(FR)C2 25 41.6 61.0 22.9 0.0 27.6 0.7 81.4 102.6 119.9 
B77xBSlO(FR)C4 26 55.7 49.0 22.5 0.3 23.7 0.9 82.4 101.9 120.9 
B77XBS10(FR)C6 27 49.8 61.8 26.4 0.7 13.9 0.0 82.8 96.2 103.3 
877XBS10<FR)C8 28 61.5 55.0 23.9 8.3 14.8 0.0 82.2 100.5 114.8 
MO17xBSl0C0 29 59.6 58.6 21.5 0.7 11.5 1.3 79.3 100.4 95.9 
M017xBS10(FR)C2 30 54.6 54.6 20.2 0.0 10.1 1.5 79.0 100.1 91.3 
M017XBS10(FR)C4 31 58.0 53.0 20.1 0.0 12.0 3.2 79.4 103.5 103.4 
M017xBS10(FR)C6 32 62.6 61.0 21.6 1.7 14.1 0.0 79.6 95.8 105.5 
M017xBS10(FR)C8 33 67.4 59.8 20.7 1.6 7.8 0.0 79.1 96.4 100.1 
B79XBS11C0 34 43.7 51.8 23.6 2.9 36.6 1.5 81.6 110.9 103.7 
B79XBS11(FR)C2 35 51.1 59-4 24.4 5.2 25.8 1.4 81.8 107.1 106.7 
B79xBSl1(FR)C4 36 45.2 52.6 24.0 2.1 34.4 0.2 82.0 101.5 99.4 
B79xBS11(FR)C6 37 40.4 56.6 23.1 3.6 31.4 0.0 82.3 102.4 95.2 
B79xBSl1(FR)C8 38 54.3 59.4 24.3 4.1 15.1 0.0 82.1 108.9 91.7 
B73XBS11C0 39 49.0 55.8 22.7 3.3 26.0 1.0 80.5 106.5 91.1 
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PEDIGREE 
B73xBSl1(FR>C2 
B73XBS11(FR)C4 
B73xBS11(FR}C6 
B73xBSl1(FR)C8 
Bsiocoa 
BS10(FR)C2a 
BSlO(FR)C4a 
BSlO(FR)C6a 
BS10(FR)C8a 
Bsiicoa 
BSl1(FR)C2a 
BS11(FR)C4a 
BSl1(FR)C6a 
BS11(FR}C8a 
BSIOCOxBSIICOa 
BS10(FR)C2xBS11(FR}C2a 
BSlO(FR)C4xB811(FR>C4a 
BS10(.FR)C6xBSl1(FR)C6a 
BSlO(FR)C8xBSl1(FR)C8a 
ENTRY YIELD 
Q/HA 
40 64.5 
41 56.6 
42 51.1 
43 72.7 
44 17.8 
45 9.7 
46 17.9 
47 22.4 
48 23.7 
49 12.8 
50 20.4 
51 22.5 
52 21.6 
53 24.2 
54 17.6 
55 29.8 
56 27.3 
57 27.1 
58 35.0 
PLANTS 
PER HA HOIST 
X1000 X 
61.0 23.7 
59.4 20.6 
57.4 21.5 
57.4 23.7 
54.2 22.9 
54.6 20.3 
62.2 20.5 
57.0 25.2 
52.2 22.0 
55.4 25.0 
51.8 25.7 
57.8 24.8 
53.4 23.9 
57.4 24.7 
54.2 24.3 
55.8 24.6 
56.6 25.0 
55.4 24.5 
54.2 23. 
ROOT STALK 
LODGED LODGED 
% % 
2.5 17.2 
6.0 19.6 
3.1 13.0 
2.9 13.9 
0.7 24.9 
2.5 34.4 
3.1 19.9 
3.5 13.8 
2.4 12.3 
5.0 19.4 
3.4 6.8 
1.6 17.3 
5.2 23.8 
4.9 19.2 
5.7 19.1 
1.5 22.2 
2.6 17.5 
3.7 21.7 
DROP POLLEN 
EARS SHED 
% DAYS 
1.4 80.0 
0.0 80.9 
0.4 79.6 
0.0 80.0 
0.1 83.9 
0.0 82.9 
0.1 83.5 
1.4 83.5 
0.7 84.1 
0.5 85.8 
1.4 85.1 
0.7 85.4 
0.7 83.9 
0.0 86.7 
0.7 83.7 
2.1 84.3 
0.5 84.5 
1.7 83.4 
EAR 
HEIGHT PI 
CM 
102.6 101.8 
108.1 102.2 
99.8 98.3 
114.5 121.3 
90.6 70.5 
91.4 77.4 
91.7 80.1 
82.9 86.1 
89.4 97.2 
91.1 53.4 
85.6 77.3 
84.8 100.0 
V4.4 87.1 
92.9 81.0 
91.1 77.0 
96.4 85.6 
93.0 97.2 
93.8 86.4 
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PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA HOIST LODGED LODGED EARS 
Q/HA X1000 % % % % 
BS10C0 1 21.5 49.4 21.6 7.4 17.8 0.0 
BS10(FR)C2 2 27.9 49.4 19.0 3.3 23.1 0.0 
BS10(FR)C4 3 25.6 52.6 21.3 5.2 15.0 0.0 
BS10(FR)C6 4 28.5 57.0 27.2 7.6 10.9 0.0 
BS10(FR)C8 5 24.9 49.8 21.4 11.8 18.7 0.0 
BS11C0 6 24.7 55.8 24.3 20.6 5.1 0.0 
BS11(FR>C2 7 29.9 52.6 22.6 18.2 6.1 0.0 
BS11<FR)C4 8 32.1 54.2 24.4 12.0 9.4 0.0 
BS11(FR)C6 9 32.8 54.2 19.7 6.7 12.0 0.0 
BS11<FR)C8 10 31.6 53.8 25.5 4.7 9.4 0.0 
BSIOCOxBSIICO 11 32.8 53.0 23.4 13.2 9.5 0.9 
BSlO(FR)C2xBS11(FR}C2 12 36.4 56.2 21.3 2.9 15.1 0.7 
BSlO(FR)C4xBS11(FR)C4 13 43.0 54.2 22.0 6.6 18.3 0.0 
BS10(FR)C6xBS11(FR)C6 14 41.9 57.0 23.5 10.4 14.3 0.0 
BS10(FR)C8XBS11(FR)CS 15 51.0 53.4 22.9 16.7 11.8 0.0 
BS10COxBS10(FR}C2 16 25.5 53.8 20.9 3.1 17.0 0.8 
BSl0COxBS1O(FR)C4 17 24.2 49.8 21.3 5.7 13.1 0.0 
BS10COxBS10(FR)C6 18 38.1 58.2 22.4 8.3 14.9 0.0 
BS10COxBS10(FR}C8 19 33.2 49.0 20.8 12.1 19.7 0.0 
BS11C0xBS11(FR)C2 20 35.9 52.6 22.5 6.0 8.8 0.0 
BSl1C0xBS11(FR)C4 21 30.3 55.4 22.8 11.5 10.3 0.0 
BS11C0xBS11(FR}C6 22 38.2 59.0 23.8 13.8 12.4 0.0 
BS11C0xBS11(FR)C8 23 31.9 54.6 26.4 9.3 9.4 0.0 
B77XBS10C0 24 24.5 56.6 23.5 0.8 10.9 0.0 
B77xBS10(FR)C2 25 31.1 58.2 20.4 2.0 12.4 0.7 
B77xBS10<FR)C4 26 32.3 59.4 23.6 4.1 3.4 0.6 
B77XBS10<FR)C6 27 32.1 57.4 24.6 0.7 11.7 0.7 
B77XBS10<FR)CB 28 43.4 56.6 22.0 5.6 5.3 0.7 
MO17XBS10C0 29 38.7 54.2 19.8 0.7 10.1 0.0 
N017xBS10(FR)C2 30 33.1 54.2 21.1 0.7 13.0 0.8 
M017xBS10(FR)C4 31 34.8 59.0 22.0 0.0 9.1 0.0 
W017xBS10(FR)C6 32 50.2 52.6 21.0 0.0 7.6 0.0 
M017xBS10(FR)C8 33 50.2 53.4 19.8 0.0 17.5 0.7 
B79XBS11C0 34 41.2 49.8 24.6 28.4 14.2 0.0 
B79xBS11(FR)C2 35 43.8 59.4 23.0 10.3 11.6 0.6 
B79xBS11(FR)C4 36 45.1 55.0 24.7 25.2 12.6 0.7 
B79xBS11<FR)C6 37 35.4 53.8 24.6 26.9 15.1 0.0 
B79XBS11CFR)C8 38 42.2 57.8 26.4 14.5 13.6 1.3 
B73XBS11C0 39 38.2 55.4 22.1 5.7 18.7 1.4 
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PLANTS ROOT STALK DROP 
PEDIGREE ENTRY YIELD PER HA MOIST LODGED LODGED EARS 
Q/HA X1000 % X % % 
B73xBS11(FR)C2 40 43.7 59.8 23.0 5.2 11.0 0.7 
B73xBS11(FR)C4 41 48.3 51.8 24.1 11.4 6.6 0.0 
B73xBS11(FR)C6 42 42.9 50.6 22.0 4.0 16.1 0.7 
B73xBS11(FR)C8 43 50.8 54.6 24.7 1.4 9.6 0.0 
BSIOCOS 44 8.1 45.4 19.6 2.6 7.8 0.0 
BS10(FR)C2a 45 10.0 52.2 18.8 0.7 10.0 0.0 
BS10(FR)C4a 46 12.2 48.6 20.8 6.5 10.8 0.0 
BS10(FR)C6a 47 9.0 48.6 23.5 6.2 4.5 0.0 
BS10(FR)C8a 48 15.5 47.8 21.3 5.5 11.6 0.0 
Bsiicoa 49 8.7 44.3 22.8 8.2 5.4 0.0 
BSl1(FR)C2a 50 14.2 55.0 22.0 4.4 5.8 0.0 
BS11(FR)C4a 51 12.5 52.2 22.4 4.1 6.5 0.0 
BS11(FR)C6a 52 8.8 47.4 23.5 6.1 5.6 0.0 
BS11(FR)C8a 53 14.7 49.8 24.7 5.6 4.1 0.0 
BSlOCOxBSHCOa 54 5.4 45.1 21.6 11.2 7.6 0.0 
BSlO(FR)C2xBS11(FR)C2a 55 15.1 44.7 21.1 9.5 12.5 0.0 
BS1D(FR)C4xBSl1(FR)C4a 56 15.4 51.4 22.5 7.1 6,1 0.0 
BS10(FR)C6xBSl1(FR}C6a 57 17.2 47.0 22.3 3.9 7.7 0.0 
BSlD(FR)C8xBSl1(FR)C8a 58 21.9 52.2 24.7 3.8 8.3 0.0 
B73XM017 59 51.1 53.8 22.6 0.0 1.5 0.9 
B73xM017a 60 21.7 51.0 21.1 0.0 5.2 0.8 
B77XM017 61 32.4 56.2 24.5 0.0 5.3 4.3 
B77xM0l7a 62 15.4 53.8 25.1 0.0 8.5 0.0 
B73XB79 63 42.8 49.4 24.2 15.2 5.8 0.8 
B73xB79a 64 15.7 43.5 21.3 2.8 14.5 0.0 
EXPERIMENT MEAN 29.9 52.9 22.6 7.3 10.7 0.3 
